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Acguisttion section acquires vehicle information
{such as gyroscopic information, or GPS information + 30 map)

S

l—

Detector detects (steep) hill on basis of vehicle information, and
calculates inclination information regarding vehicle
{primarily in front-back direction)
upon starting going up or down hill

i

Controller calculates reading-start position for image sensor from
inclination information regarding vehicie, and controis image sensor

W

Image sensor acguires image on St4
basis of "reading-start position”

¥ 5
Display image on BM display section Sta
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-
(\Dispiay processizw@

¢
Acquisition section acquires vehicle information 821
{such as suspension information}

~Detector detects inclination of vehicle on basis of vehicle  [822
information, and calculates inclination information regarding
vehicie {primarily {o left and right)

Yy ; o . ; [y
Caontroller calculates reading-start position for and reading size 523
{(number of pixeis) of image sensor from inclination information

regarding vehicle, and controls image sensor

Coniroller further calculates rotation angle and provides caiculated

rotation angle 1o processing section
¥
image sensor acquires image on basis of 524

"reading-start position” and "reading size”

4

Frocessing seclion rotates image according 525
io "rotation angle" and performs cutout

1
Display image on BM display section 526

End

FIG.13
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@ispiay pa‘ogessing)

y

~Acguisition section acquires vehicle information 531
(such as suspension information or front camera imags)

¥

Detactor detects state of unevenness of road surface on 832
basis of vehicle information, and calcuistes inclingtion
information regarding inclination of vehicle (1o front and back,
and o left and right) due to unevenness of road surface

i

Controlier calculates reading-start position for and reading size 533
(number of pixels) of image sensor from inclination information
regarding vehicle, and controls image sensor
Controller further calculates rotation angle and provides calculated
rotation angle 1o processing section

k

Image sensor acquiras image on basis of
reading-start position” and "reading size”

4

Processing section rotates image according 535
{0 "rotation angle” and performs cutout

3

536

Display image on BM display section
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Highest-resolution image

« Resolution Rmax
* Frame rate 80 fps
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B image

« Resolution RBM
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- Resolution RRY

< YUV 4:2:2 format
« 8 bits per pixel

FIG.19



US 12,088,950 B2

Sheet 20 of 26

Sep. 10, 2024

U.S. Patent

02 9ld

sbeul AM

sdj g slel sueld -
Aeded UOHRNOSSY -

{suum pUB YoRIQ / passaidiion - )

sd} 0c 218 SRl .

(Ady =) INAMY Uonosey -
afieu AN

sci 09 B18) BUIBIS -
N UOHNDSSY -

sbeus N

@M@ 10M)
NG 10
,ﬁ NG 10N /

Bawi A)

/ N\

{possatduwios Apiugd - )

sdi 07 o swRld -

(WA >) WINGY uoinjosey -
afivun ng

sdi pZ L sel slield,
NgH uonnosay.

sbeus WE




US 12,088,950 B2

Sheet 21 of 26

Sep. 10, 2024

U.S. Patent

LC Ol

{paligigil 10i00  passaidiues - )

sd) O 218l SR -

A UOHMOSaY -
sheill Ax

{2UAR PUB ¥OBID / DOSSRITWIoD - )

sd) OF 918 BLIBRI -

(A >) WA uolnossy -
sheun A

{peas 10N)
| NG 10N /

£

(possasdilio .

sdi 0o o8l BRI -

(e > TNy uoinossy -
abeul NG

{poassasduwion - )

m& 09 1.l slUgld -

(as >) WNEY uonnjosay -
sheus e

sdi 09 sl suRld -
e UOHNOSS -

abeull NG




U.S. Patent Sep. 10, 2024 Sheet 22 of 26 US 12,088,950 B2

{Display processing)

Capture image

s1i

3
Acguire vehicle information St

\
Extract BM image and RV image from captured imags $113

k

Adjust data amounts of BM image and STi4
RV image according to vehicle information
§
, . o Si1h
Cutput BM image and RV image of which
respective data amounts have been adjusted
\ .
S116

Respectively display BM image and RV image
on BM display section and RV display section

=5

FI1G.22



US 12,088,950 B2

Sheet 23 of 26

Sep. 10, 2024

U.S. Patent

(Jsaun 1o pesy pug WBIS 108U JO SUDINSOL)

LIGIIRLUIOILE BIDIBA,

m\ 03 voneuLo 2doseAs .
b uopeuuoiu Buipass) .

Y

LIONBULIOILE SiDILUaA

£ Old

Y

. LIONDaS
el LOSINDOY

181~ ipaung

k4

uoHoss |
Agidsip Ay

B

ot

i
Looes UoNoes

Aeidsip g T uonoBAKg

; 5

i 481

uonoes 1 | (010 ‘uoisseiduion) JOSUSS WaysAs
wnding 1 esnibe unowe g1eg sbeul jeondo
N y § }
129! gel A% Lo
HUN 2iBWE s
y
Ll

wasAs Bumaip




U.S. Patent Sep. 10, 2024 Sheet 24 of 26 US 12,088,950 B2

i R3t BM image RV image

Order of reading

i

Captured image
{Image sensor)

FIG.24
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{Display processing)

X
1%
Capture image S121
i
Acquire vehicle mformation 122
R
Extract BM image and RV image from captured image S123
‘ 5124
Adjust data amounts of BM image and 5
RV image according to vehicle information
4
- ) - 3125
Output BM image and RV image of which
respective data amounts have baen adjustad
4
Acquire positions of ine of sight and haad of driver 5126
k:
. . . . . 5127
Extract region that is portion of BM image as final BM
image according 1o positions of line of sight and head
of driver
§ L
, . . . S128
Respectively display BM image and RV image
on BM display section and RV display section

(e )
FIG.25
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IMAGE-CAPTURING APPARATUS,
CONTROL METHOD, AND PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C. § 371
as a U.S. National Stage Entry of International Application
No. PCT/JP2019/041037, filed in the Japanese Patent Office
as a Receiving Office on Oct. 18, 2019, which claims priority
to Japanese Patent Application Numbers JP2019-039216,
filed in the Japanese Patent Office on Mar. 5, 2019; and
JP2018-204836, filed in the Japanese Patent Office on Oct.
31, 2018, each of which is hereby incorporated by reference
in its entirety.

TECHNICAL FIELD

The present technology relates to an image-capturing
apparatus, a control method, and a program. In particular,
the present technology relates to, for example, an image-
capturing apparatus, a control method, and a program that
make it possible to easily provide an image suitable for the
operation of a vehicle.

BACKGROUND ART

For example, a viewing system in which a camera that is
an image-capturing apparatus is installed in the rear of a
vehicle such as an automobile and an image of a region
behind the vehicle that is captured using the camera is
displayed, is proposed.

Examples of the image of a region behind a vehicle that
is provided by the viewing system include an image of a
region situated further rearward than a region just behind the
rear of the vehicle, and an image of the region just behind
the rear of the vehicle.

Here, the image of a region situated further rearward than
a region just behind the rear of a vehicle is, for example, an
image that corresponds to an image seen in a Class | mirror,
which is a so-called interior rearview mirror, and is herein-
after also referred to as a back mirror (BM) image. Further,
the image of a region just behind the rear of a vehicle is an
image of the rear of the vehicle and a region just behind the
rear of the vehicle, and is hereinafter also referred to as a
rearview (RV) image.

A vehicle is inclined when the vehicle starts going up or
down a hill or is traveling on an uneven road surface.
Further, the vehicle may also be inclined according to, for
example, an object loaded on the vehicle or a state of an
occupant of the vehicle.

When the vehicle is inclined, a camera installed in the
vehicle is also inclined, and this results in the ratio (the
proportion) of the sky, a road, and the like in a BM image
being changed from the ratio when the vehicle is not
inclined.

When the vehicle is not inclined and when the viewing
system is adjusted such that a BM image suitable for the
operation of a vehicle is displayed, the BM image suitable
for the operation of the vehicle will not be displayed in some
cases if the ratio of the sky, a road, and the like in the BM
image is changed due to the inclination of the vehicle.

For example, when the vehicle is traveling on a flat road
surface, a BM image is displayed that enables a driver to
sufficiently recognize, for example, another vehicle that is
getting close to the vehicle from behind, or an obstacle
behind the vehicle. On the other hand, when the vehicle is
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2

inclined, the BM image may include less information nec-
essary for the driver to recognize the other vehicle or the
obstacle.

Thus, for example, a technology has been proposed that
stores a captured image in a storage and cuts a necessary
image out of the captured image when the vehicle is trav-
eling up or down a hill, the captured image being captured
using a camera, the storage being situated posterior to the
camera (for example, refer to Patent Literature 1).

CITATION LIST
Patent Literature
Patent Literature 1: Japanese Patent No. 6245274
DISCLOSURE OF INVENTION
Technical Problem

When a necessary image is cut out of a captured image
stored in the storage, there is a need to read, from the
camera, a captured image having a size significantly larger
than the size (the number of pixels) of the necessary image.
A large size of a captured image read from the camera results
in a decrease in frame rate.

Further, there is a demand for a proposal of a technology
that makes it possible to easily provide an image suitable for
the operation of a vehicle, in addition to the technology that
cuts a necessary image out of a captured image stored in a
storage situated posterior to a camera.

The present technology has been made in view of the
circumstances described above, and is intended to make it
possible to easily provide an image suitable for the operation
of a vehicle.

Solution to Problem

An image-capturing apparatus according to the present
technology is an image-capturing apparatus that includes an
image sensor that captures an image displayed on a display
section of a vehicle; and a controller that controls reading of
the image from the image sensor on the basis of vehicle
information acquired by the vehicle.

A control method or a program according to the present
technology is a control method or a program, the control
method including controlling reading of an image from an
image sensor that captures the image, on the basis of vehicle
information acquired by a vehicle, the image being dis-
played on a display section of the vehicle, the program
causing a computer to operate as a controller that performs
such control.

In an image-capturing apparatus, a control method, and a
program according to the present technology, reading of an
image from an image sensor that captures the image is
controlled on the basis of vehicle information acquired by a
vehicle, the image being displayed on a display section of
the vehicle.

Note that the image-capturing apparatus may be an inde-
pendent apparatus or an internal block included in a single
apparatus.

Further, the program can be provided by being transmitted
through a transmission medium or by being stored in a
recording medium.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view illustrating an external
configuration example of a vehicle 10 that includes a view-
ing system according to the present technology.
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FIG. 2 is a perspective view illustrating an example of a
configuration of the interior of the vehicle 10.

FIG. 3 is a block diagram illustrating a first example of a
configuration of the viewing system included in the vehicle
10.

FIG. 4 is a diagram describing an example of a control of
reading of a BM image and an RV image that are images
read from a captured image, the control being performed by
a controller 43.

FIG. 5 is a diagram describing a first example of a
relationship between a state of the vehicle 10 and a BM
image.

FIG. 6 is a diagram describing an example of a control of
reading of a read image that is performed by the controller
43 according to inclination information.

FIG. 7 illustrates an example of a configuration of an
image sensor 32.

FIG. 8 is a flowchart describing an example of display
processing of displaying a BM image that is performed in
the first example of the configuration of the viewing system.

FIG. 9 is a block diagram illustrating a second example of
the configuration of the viewing system included in the
vehicle 10.

FIG. 10 is a diagram describing a second example of a
relationship between a state of the vehicle 10 and a BM
image.

FIG. 11 is a diagram describing an example of a control
of reading of a read image that is performed by a controller
71 according to inclination information.

FIG. 12 is a diagram further describing an example of the
control of reading of a read image that is performed by the
controller 71 according to inclination information.

FIG. 13 is a flowchart describing an example of display
processing of displaying a BM image that is performed in
the second example of the configuration of the viewing
system.

FIG. 14 is a block diagram illustrating a third example of
the configuration of the viewing system included in the
vehicle 10.

FIG. 15 is a diagram describing an example of a control
of reading of a read image that is performed by the controller
71 according to inclination information.

FIG. 16 is a flowchart describing an example of display
processing of displaying a BM image that is performed in
the third example of the configuration of the viewing system.

FIG. 17 is a block diagram illustrating a fourth example
of the configuration of the viewing system included in the
vehicle 10.

FIG. 18 illustrates an example of an image that can be
output by the image sensor 32.

FIG. 19 is a diagram describing an example of a vehicle
transmission bandwidth that can be used for data transmis-
sion in the vehicle 10.

FIG. 20 is a diagram describing a first example of a
control of adjustment of data amounts of a BM image and an
RV image, the control being performed by a controller 136.

FIG. 21 is a diagram describing a second example of the
control of adjustment of data amounts of a BM image and an
RV image, the control being performed by the controller
136.

FIG. 22 is a flowchart describing an example of display
processing of displaying a BM image and an RV image that
is performed in the viewing system.

FIG. 23 is a block diagram illustrating a fifth example of
the configuration of the viewing system included in the
vehicle 10.
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FIG. 24 is a diagram describing an example of a control
of extraction of a BM image and an RV image from a
captured image, the control being performed by a controller
181.

FIG. 25 is a flowchart describing an example of display
processing of displaying a BM image and an RV image that
is performed in the viewing system.

FIG. 26 is a block diagram illustrating an example of a
configuration of an embodiment of a computer to which the
present technology is applied.

MODE(S) FOR CARRYING OUT THE
INVENTION

Example of Configuration of Vehicle Including
Viewing System

FIG. 1 is a perspective view illustrating an example of a
configuration of an appearance of a vehicle 10 that includes
a viewing system to which the present technology is applied.

For example, a camera unit 11 that is an image-capturing
apparatus used to capture an image of a region behind the
(four-wheeled) vehicle 10 is installed in the rear of the
vehicle 10. In FIG. 1, the camera unit 11 is installed above
a rear window of the vehicle 10.

The camera unit 11 is a wide-angle camera unit (for
example, the angle of view is 120 degrees or more) such that
it is possible to capture an image in which both a range
corresponding to a BM image and a range corresponding to
an RV image appear. Further, the camera unit 11 is a
high-resolution camera unit (for example, a resolution of 4K
or more) such that a distant subject is apparent in the BM
image. Thus, the camera unit 11 is capable of capturing a
wide-angle, high-resolution image.

Note that, in the camera unit 11, a BM image and an RV
image are extracted from an image captured by the camera
unit 11 (hereinafter also referred to as a captured image).
This will be described later.

The camera unit 11 is installed in a state in which the
orientation of the optical axis has been adjusted, such that
the BM image includes an image of a state of a region
situated further rearward than a region just behind the rear
of the vehicle 10, and such that the RV image includes an
image of states of the rear of the vehicle 10 and the region
just behind the rear of the vehicle 10, the state of the region
situated further rearward than the region just behind the rear
of'the vehicle 10 being a state that can be observed using an
interior rearview mirror (a Class I mirror in Regulation No.
46 defined by the United Nations Economic Commission for
Europe <UNECE>) when the interior rearview mirror is
installed in the vehicle 10.

Thus, the BM image is an image of a state of a region
situated further rearward than a region just behind the rear
of'the vehicle 10, the state being a state that can be observed
using an interior rearview mirror when the interior rearview
mirror is installed in the vehicle 10. Further, the RV image
is an image of states of the rear of the vehicle 10 and the
region just behind the rear of the vehicle 10. The RV image
is particularly useful when the vehicle 10 is traveling
backward, since a region just behind the rear of the vehicle
10 that is a blind spot of the interior rearview mirror appears
in the RV image. Further, the RV image can be used to
generate an overhead image obtained when the vehicle 10 is
viewed from above.

Note that the camera unit 11 is not limited to being
installed above the rear window of the vehicle 10 as long as
it is possible to capture a captured image from which the BM
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image and the RV image described above can be extracted.
For example, in addition to being installed above the rear
window of the vehicle 10, the camera unit 11 may be
installed at, for example, a position P11 above a license plate
situated in the rear of the vehicle 10.

FIG. 2 is a perspective view illustrating an example of a
configuration of the interior of the vehicle of FIG. 1.

A BM display section 21 that displays thereon a BM
image is provided at a position, in the vehicle 10, at which
the interior rearview mirror is installed. The BM display
section 21 is a display section that is an alternative to the
interior rearview mirror.

An RV display section 22 that displays thereon an RV
image is provided at a center position of a dashboard in the
vehicle 10.

Note that an in-vehicle camera 23 used to capture an
image of a driver is provided on the side of a driver’s seat
of the dashboard in the vehicle 10. An image of the driver
is captured to be output by the in-vehicle camera 23. In the
vehicle 10, positions of the line of sight and the head of the
driver are detected from the image of the driver.

Here, the in-vehicle camera 23 used to capture an image
of the driver may be provided at any position other than a
position on the dashboard, such as a position P21 above the
BM display section 21.

First Example of Configuration of Viewing System

FIG. 3 is a block diagram illustrating a first example of a
configuration of the viewing system included in the vehicle
10.

The viewing system includes the camera unit 11, the BM
display section 21, and the RV display section described
with reference to FIGS. 1 and 2.

The camera unit 11 includes an optical system 31, an
image sensor 32, an output section 33, an acquisition section
41, a detector 42, and a controller 43.

The optical system 31 includes optical components such
as a condenser and a diaphragm, and collects light entering
the optical system 31 onto the image sensor 32.

The image sensor 32 receives light from the optical
system 31 and performs photoelectric conversion to capture
a captured image that includes images that are a BM image
and an RV image. Then, in accordance with control per-
formed by the controller 43, the image sensor 32 reads (the
images that are) the BM image and the RV image from the
captured image to output the read images. Here, the image
read from the captured image and output by the image sensor
32 is also referred to as a read image. The read image output
by the image sensor 32 is supplied to the output section 33.

The output section 33 is an output interface (IF) that
transmits, to the outside of the camera unit 11, the BM image
and the RV image that are read images from the image
sensor 32. The output section 33 transmits the BM image to
the BM display section 21, and transmits the RV image to
the RV display section 22. The BM image from the output
section 33 is displayed on the BM display section 21 in
accordance with the specification of the BM display section
21, and the RV image from the output section 33 is displayed
on the RV display section 22 in accordance with the speci-
fication of the RV display section 22. The output section 33
is capable of performing a format conversion and other
image processing on the BM image and the RV image as
necessary.

The acquisition section 41 acquires (receives), from the
vehicle 10 and through a network (a vehicle information
network) established in the vehicle 10, vehicle information
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acquired by the vehicle 10, and supplies the acquired vehicle
information to the detector 42.

Here, examples of the vehicle information include any
information that can be acquired by the vehicle 10, such as
gyroscopic information obtained from a gyroscope of the
vehicle 10, suspension information regarding a suspension
of'the vehicle 10, a front camera image obtained from a front
camera used to capture an image of a region ahead of the
vehicle 10, GPS information obtained from the Global
Positioning System (GPS), traveling information that indi-
cates a traveling state of the vehicle 10 such as a vehicle
speed and a traveling direction (forward or backward),
positions of the line of sight and the head of a driver of the
vehicle 10 that are obtained from an image captured using
the in-vehicle camera 23, a three-dimensional (3D) map
used for the navigation system of the vehicle 10, and a
high-definition map used for an advanced driving assist
system (ADAS)/an autonomous driving system. For
example, it is possible to adopt, as the vehicle speed, speed
information that is output by a speed sensor when the vehicle
10 includes the speed sensor. For example, it is possible to
adopt, as the traveling direction, gear information that
indicates a state of the transmission.

The acquisition section 41 acquires at least one piece of
vehicle information as necessary, and supplies the at least
one piece of vehicle information to the detector 42.

In the first example of the configuration of the viewing
system, the acquisition section 41 acquires, for example,
gyroscopic information, or GPS information and a 3D map
(a high-definition map) as the vehicle information, and
supplies the acquired vehicle information to the detector 42.

Using the vehicle information from the acquisition section
41, the detector 42 detects (calculates) inclination informa-
tion that indicates the inclination of the vehicle 10, and
supplies the detected inclination information to the control-
ler 43.

The controller 43 controls reading of the read image from
the image sensor 32 on the basis of the vehicle information.

For example, the controller 43 controls the reading of the
read image from the image sensor 32 according to the
inclination information detected by the detector 42 using the
vehicle information.

In other words, according to the inclination information
supplied from the detector 42, the controller calculates, from
a captured image captured by the image sensor 32, a
reading-start position for an image that starts being read as
a read image, sets the size (the number of pixels) of the read
image, and supplies, to the image sensor 32, a reading
position specified by the reading-start position and the size.
Accordingly, the controller 43 performs a reading control for
controlling reading of a read image from the image sensor
32.

The image sensor 32 reads a pixel signal of a pixel of the
reading position supplied from the controller 43, and outputs
a read image that exhibits a pixel value corresponding to the
pixel signal.

Note that, in addition to being specified by the reading-
start position and the size, the reading position can be
specified by, for example, the reading-start position and a
reading-termination position at which reading of a read
image is terminated.

Here, in the first example of the configuration of the
viewing system, a read image output by the image sensor 32
is the same as a BM image displayed on the BM display
section 21 or an RV image displayed on the RV display
section 22. Thus, in the first example of the configuration of
the viewing system, the size of the BM image displayed on
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the BM display section 21 or the size of the RV image
displayed on the RV display section 22 is set to be the size
of a read image.

<Control of Reading of Read Image from Captured
Image>

FIG. 4 is a diagram describing an example of a control of
reading of a BM image and an RV image that are images
read from a captured image, the control being performed by
the controller 43.

Regarding a positional relationship between the optical
system 31 and a captured image captured by the image
sensor 32, the captured image (a light-receiving surface of
the image sensor 32) includes an image circle of (a lens
included in) the optical system 31, as illustrated in, for
example, FIG. 4.

In the reading control, the controller 43 controls reading
of a pixel signal from the image sensor 32 such that a
specified region R11 is extracted from a captured image as
a BM image, the specified region R11 being a region in
which a region situated further rearward than a region just
behind the rear of the vehicle 10 appears (a region observed
using an interior rearview mirror if the interior rearview
mirror is installed in the vehicle 10). In other words, the
controller 43 controls reading of a pixel signal from the
image sensor 32 according to a display device or the type (/
an application) of image-display function.

Further, in the reading control, the controller 43 controls
reading of a pixel signal from the image sensor 32 by
supplying a reading position for a read image to the image
sensor 32, such that a specified region R12 is extracted as an
RV image from (an image in the image circle from among)
the captured image, the specified region R12 being a region
in which the rear of the vehicle 10 and the region just behind
the rear of the vehicle 10 appear.

In accordance with control performed by the controller
43, the image sensor 32 reads, from a captured image
obtained by performing image-capturing, a pixel signal of
the region R11 that corresponds to (a pixel value of) the BM
image, and outputs a read image that exhibits the pixel value
corresponding to the pixel signal. Further, the image sensor
32 reads, from the captured image, a pixel signal of the
region R12 that corresponds to the RV image, and outputs a
read image that exhibits a pixel value corresponding to the
pixel signal.

The regions R11 and R12 are each specified by a reading
position for a read image that is supplied from the controller
43 to the image sensor 32.

Note that, in the control of reading of a BM image that is
a read image, the controller 43 can also calculate a reading
position according to, for example, positions of the line of
sight and the head of a driver that are included in vehicle
information, the reading position being used to specify the
region R11 extracted as the BM image.

In other words, if a rearview mirror is installed in the
vehicle 10, a range that appears in an image that can be seen
by a driver using the rearview mirror will be changed as the
driver moves his/her line of sight or his/her head. In the
control of reading of a BM image that is a read image, the
controller 43 can also calculate a reading position according
to the positions of the line of sight and the head of the driver,
such that the driver can see a BM image of a range similar
to the range in an image that can be observed when the
rearview mirror is installed in the vehicle 10, the reading
position being used to specity the region R11 extracted as
the BM image.

In order to simplify the description, the description of an
RV image is omitted below.
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<Relationship Between State of Vehicle 10 and BM
Image>

FIG. 5 is a diagram describing a first example of a
relationship between a state of the vehicle 10 and a BM
image.

FIG. 5(A1) illustrates a state of the vehicle 10 when the
vehicle 10 is traveling on a flat road surface. Further, FIG.
5(A2) illustrates an example of a BM image obtained when
the vehicle 10 is traveling on the flat road surface.

FIG. 5(B1) illustrates a state of the vehicle 10 when the
vehicle 10 starts traveling downhill. Further, FIG. 5(B2)
illustrates an example of a BM image obtained when the
vehicle 10 starts traveling downbhill.

FIG. 5(C1) illustrates a state of the vehicle 10 when the
vehicle 10 starts traveling uphill. Further, FIG. 5(C2) illus-
trates an example of a BM image obtained when the vehicle
10 starts traveling uphill.

Here, the range of a three-dimensional space in the BM
image is referred to as a BM range. Further, in the following
description, it is assumed that positions of the line of sight
and the head of a driver are fixed in order to simplify the
description. Therefore, it is assumed that (a position of) the
region R11 extracted as a BM image from a captured image,
and thus a BM range are not changed due to the driver
moving the position of his/her line of sight or his/her head.

Further, it is assumed that, when the vehicle 10 is on a flat
road surface (when the vehicle 10 is not inclined), the
controller 43 performs a reading control, that is, a calcula-
tion of a reading position (a reading-start position and the
size) such that a BM image in which a rear vehicle situated
rearward a specified distance from the vehicle 10 appears
substantially in the center of the view of the BM image is
extracted, as illustrated in FIG. 5.

In this case, when the vehicle 10 starts traveling downbhill,
the vehicle 10 is inclined to the front, that is, in a pitch
direction, and the optical axis of the camera unit 11 installed
in the rear of the vehicle 10, and thus the BM range are
upwardly inclined (toward the sky), compared to when the
vehicle 10 is on a flat road surface (FIG. 5 (B1) and FIG.
5(B2)).

Consequently, when camera settings are performed such
that a rear vehicle situated rearward a specified distance
from the vehicle 10 appears substantially in the center of the
view of a BM image in a state in which the vehicle 10 is on
a flat road surface (the vehicle 10 is traveling on a flat road
surface), a BM image in which the rear vehicle situated
rearward the specified distance from the vehicle 10 appears
in a lower portion of the view of the BM image, is obtained
in a state in which the vehicle 10 starts traveling downhill.
As illustrated in FIG. 5, the proportion of the sky (a region
in which the sky appears) is larger and the proportion of a
road is smaller in this BM image than a BM image obtained
in a state in which the vehicle 10 is on a flat road surface.

Thus, an amount of information is changed in a BM image
obtained when the vehicle 10 starts traveling downhill,
compared to a BM image obtained when the vehicle is on a
flat road surface. In other words, for example, an amount of
information regarding a road is reduced in the BM image
obtained when the vehicle 10 starts traveling downhill,
compared to the BM image obtained when the vehicle 10 is
on a flat road surface. Further, there is a possibility that,
depending on a relative position of the vehicle 10 to a rear
vehicle, or a state of the inclination of a downhill, a portion
of the rear vehicle or the rear vehicle itself will not appear
in a BM image.

On the other hand, when the vehicle 10 starts traveling
uphill, the vehicle 10 is inclined to the back, that is, in the
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pitch direction, and the optical axis of the camera unit 11
installed in the rear of the vehicle 10, and thus the BM range
are downwardly inclined (toward the road), compared to
when the vehicle 10 is on a flat road surface (FIG. 5 (C1) and
FIG. 5(C2)).

Consequently, when camera settings are performed such
that a rear vehicle situated rearward a specified distance
from the vehicle 10 appears substantially in the center of the
view of'a BM image in a state in which the vehicle 10 is on
a flat road surface, a BM image in which the rear vehicle
situated rearward the specified distance from the vehicle 10
appears in an upper portion of the view of the BM image, is
obtained in a state in which the vehicle 10 starts traveling
uphill. As illustrated in FIG. 5, the proportion of the sky (a
region in which the sky appears) is smaller and the propor-
tion of a road is larger in this BM image than a BM image
obtained in a state in which the vehicle 10 is on a flat road
surface.

Thus, an amount of information is changed in a BM image
obtained when the vehicle 10 starts traveling uphill, com-
pared to a BM image obtained when the vehicle 10 is on a
flat road surface. In other words, for example, an amount of
information regarding the sky is reduced in the BM image
obtained when the vehicle 10 starts traveling uphill since the
proportion of the sky is reduced, compared to the BM image
obtained when the vehicle 10 is on a flat road surface.
Further, there is a possibility that, depending on a relative
position of the vehicle 10 to a rear vehicle, or a state of the
inclination of an uphill, a portion of the rear vehicle or the
rear vehicle itself will not appear in a BM image.

As described above, from the point of view of providing
a driver of the vehicle 10 with a BM image suitable for the
operation of the vehicle 10, it is not favorable that the
amount of information in a BM image obtained when the
vehicle 10 starts traveling downhill or uphill be changed
from the amount of information in a BM image obtained
when the vehicle 10 is on a flat road surface.

Thus, in the control of reading of a BM image, the
controller 43 controls, according to inclination information
from the detector 42, reading of a BM image corresponding
to a read image from the image sensor 32, such that a BM
image having an amount of information similar to that of a
BM image obtained when the vehicle 10 is on a flat road
surface, is obtained regardless of a state of the vehicle 10.

<Control of Reading of Read Image That is Performed by
Controller 43 According to Inclination Information>

FIG. 6 is a diagram describing an example of a control of
reading of a read image that is performed by the controller
43 according to inclination information.

Here, it is assumed that, when the vehicle is on a flat road
surface, a reading control is performed by the controller 43
such that (a pixel signal of a pixel of) a rectangular region
R101 is read from a captured image captured by the image
sensor 32 (from the light-receiving surface of the image
sensor 32). The region R101 has the same size as a BM
image that is a read image.

For example, when the vehicle 10 starts traveling uphill
and is inclined to the back, the controller 43 performs a
reading control such that a reading position used to specify
a region R102 having the same size as the region R101 is
calculated according to inclination information, and a pixel
signal of the calculated reading position is read, the region
R102 being shifted upward from the region R101 by the
number of pixels corresponding to an angle at which the
vehicle 10 is inclined to the back.

Further, for example, when the vehicle 10 starts traveling
downhill and is inclined to the front, the controller 43
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performs a reading control such that a reading position used
to specity a region R103 having the same size as the region
R101 is calculated according to inclination information, and
a pixel signal of the calculated reading position is read, the
region R103 being shifted downward from the region R101
by the number of pixels corresponding to an angle at which
the vehicle 10 is inclined to the front.

In the calculation of a reading position depending on
inclination information, the reading position is calculated
such that a read image in which a road and the sky appear
in the same proportion as a BM image obtained when the
vehicle 10 is on a flat road surface, is read, that is, such that
the proportion between a road and the sky that appear in a
read image is maintained the same as (/ is close to) the
proportion in a BM image obtained when the vehicle 10 is
on a flat road surface.

It is possible to easily obtain an image suitable for the
operation of the vehicle 10 by the reading control described
above being performed by the controller 43. In other words,
it is possible to easily obtain a BM image having an amount
of information similar to that of a BM image obtained when
the vehicle 10 is on a flat road surface, regardless of the
inclination of the vehicle 10 in the pitch direction.

In the first example of the configuration of the viewing
system, the detector 42 detects a (steep) hill from, for
example, gyroscopic information, or GPS information and a
3D map that are vehicle information supplied by the acqui-
sition section 41, and detects (calculates) inclination infor-
mation regarding the vehicle when the vehicle 10 starts
going up or down a hill, that is, inclination information that
primarily indicates (the level of) the inclinations of the
vehicle 10 to the front and to the back, that is, in the pitch
direction. Then, the detector 42 supplies the inclination
information to the controller 43.

For example, the detector 42 can detect, using the gyro-
scopic information, that the vehicle 10 starts going up or
down a hill, and can further detect inclination information
that indicates the inclinations of the vehicle 10 to the front
and to the back, that is, in the pitch direction at that time.

Further, for example, the detector 42 detects (estimates),
from the current location obtained using the GPS informa-
tion and from the 3D map, that the vehicle 10 starts going
up or down a hill, and can further detect (estimate), using an
inclination of the hill that is obtained using the 3D map,
inclination information that indicates the inclinations of the
vehicle 10 to the front and to the back, that is, in the pitch
direction when the vehicle 10 starts going up or down the
hill.

According to the inclination information from the detector
42, the controller 43 calculates a reading position for an
image read from the image sensor 32 as a read image, and
supplies the calculated reading position to the image sensor
32. Accordingly, the controller 43 controls reading of the
read image from the image sensor 32.

The image sensor 32 reads a pixel signal of a pixel of the
reading position supplied from the controller 43, and outputs
a read image that exhibits a pixel value corresponding to the
pixel signal.

Example of Configuration of Image Sensor 32

FIG. 7 illustrates an example of a configuration of the
image sensor 32 of FIG. 3.

The image sensor 32 includes a pixel array 51, an input
circuit 52, a row selecting circuit 53, a column selecting
circuit 54, an analog-to-digital (AD) converter 55, a line
buffer 56, and an output circuit 57.
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The pixel array 51 includes a plurality of pixels 61
arranged in a two-dimensional plane. A region, in the pixel
array 51, in which the pixels 61 are arranged is the light-
receiving surface of the image sensor 32.

The pixel 61 converts light entering the pixel 61 into a
pixel signal that is an electrical signal corresponding to the
amount of the light. A pixel signal of the pixel 61 in a row
selected by the row selecting circuit and in a column selected
by the column selecting circuit is read from the pixel array
51 through the column selecting circuit 54, and the read
pixel signal is supplied to the AD converter 55.

A reading position specified by a reading-start position for
a read image read from a captured image and by the size of
the read image (hereinafter also referred to as a reading size)
is supplied by the controller 43 to the input circuit 52.

Using the reading-start position and the reading size that
are the reading position from the controller 43, the input
circuit 52 calculates coordinates of the pixel 61 from among
the pixels 61 of the pixel array that are reading-start coor-
dinates (X_STA, Y_STA), and calculates coordinates of the
pixel 61 from among the pixels 61 of the pixel array 51 that
are reading-termination coordinates (X_END, Y_END), the
pixel 61 for the reading-start coordinates (X_STA, Y_STA)
being the pixel 61 at which reading of a pixel signal is started
in, for example, raster scan order, the pixel 61 for the
reading-termination coordinates (X_END, Y_END) being
the pixel 61 at which reading of a pixel signal is terminated
in, for example, raster scan order.

The input circuit 52 supplies a y-coordinate Y_STA of the
reading-start coordinates (X_STA, Y_STA), and a y-coor-
dinate Y_END of the reading-termination coordinates
(X_END, Y_END) to the row selecting circuit 53, and the
input circuit 52 supplies an x-coordinate X_STA of the
reading-start coordinates (X_STA, Y_STA) and an x-coor-
dinate X_END of the reading-termination coordinates
(X_END, Y_END) to the column selecting circuit 54 (a
process PR1).

The row selecting circuit 53 sequentially selects rows
from a row of the pixel 61 represented by the y-coordinate
Y_STA received from the input circuit 52 up to a row of the
pixel 61 represented by the y-coordinate Y_END received
from the input circuit 52 (a process PR2).

In the pixel array 51, a pixel signal is read from the pixel
61 in the row selected by the row selecting circuit 53, and
the read pixel signal is supplied to the column selecting
circuit 54.

From among the pixel signals read from the pixels 61, the
column selecting circuit 54 selects pixel signals of the pixels
61 in respective columns from a column of the pixel 61
represented by the x-coordinate X_STA received from the
input circuit 52 up to a column of the pixel 61 represented
by the x-coordinate X_END received from the input circuit
52, and the column selecting circuit supplies the selected
pixel signals to the AD converter (a process PR3).

The AD converter 55 performs AD conversion on a pixel
signal from the column selecting circuit 54, for example, per
row, and supplies, to the line buffer 56, the pixel signal on
which AD conversion has been performed (a process PR4).

The line buffer 56 temporarily stores therein a pixel signal
from the AD converter 55.

The output circuit 57 reads a pixel signal stored in the line
buffer 56 for each pixel (a process PR5), and outputs the read
pixel signal to the outside of the image sensor 32 as a pixel
value of the read image.

As described above, in the image sensor 32, a pixel signal
of the pixel 61 included in a read region is read, and an
image that exhibits a pixel value corresponding to the pixel
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signal is read as a read image, the read region being a
rectangular region that includes the pixel 61 of the reading-
start coordinates (X_STA, Y_STA) as an upper-left vertex
and the pixel 61 of the reading-termination coordinates
(X_END, Y_END) as a lower-right vertex.

<Display Processing>

FIG. 8 is a flowchart describing an example of display
processing of displaying a BM image that is performed in
the first example of the configuration of the viewing system
of FIG. 3.

In Step S11, the acquisition section 41 acquires gyro-
scopic information, or GPS information and a 3D map as
vehicle information, and supplies the vehicle information to
the detector 42. Then, the process moves on to Step S12.

In Step S12, the detector 42 detects a hill using the vehicle
information from the acquisition section 41. Further, the
detector 42 detects (calculates), using the vehicle informa-
tion from the acquisition section 41, inclination information
regarding the vehicle 10 when the vehicle 10 starts going up
or down the hill (primarily, inclination information indicat-
ing the inclinations to the front and to the back, that is, in the
pitch direction), and supplies the detected inclination infor-
mation to the controller 43. Then, the process moves on to
Step S13 from Step S12.

In Step S13, the controller 43 calculates, according to the
inclination information from the detector 42, a reading-start
position for a read image from the image sensor 32, and
supplies the reading-start position and the size of a BM
image to the image sensor 32 as a reading position. Then, the
process moves on to Step S14.

In Step S14, the image sensor 32 reads a pixel signal of
a pixel of the reading position supplied by the controller 43,
and acquires a read image that exhibits a pixel value
corresponding to the pixel signal to output the acquired read
image. The read image output by the image sensor 32 is
supplied to the output section 33, and the process moves on
to Step S15 from Step S14.

In Step S15, the output section 33 transmits, to the BM
display section 21 and as a BM image, the read image from
the image sensor 32, and causes the read image to be
displayed on the BM display section 21. This results in the
BM image being displayed on the BM display section 21,
and the displaying processing is terminated.

As described above, in the first example of the configu-
ration of the viewing system, inclination information is
detected that primarily indicates the inclinations to the front
and to the back, that is, in the pitch direction, and reading of
a read image from the image sensor 32 is controlled accord-
ing to the inclination information. Thus, it is possible to
easily provide an image suitable for the operation of the
vehicle 10. In other words, a BM image having an amount
of information similar to that of a BM image obtained when
the vehicle 10 is on a flat road surface, can be easily
provided when the vehicle 10 starts going up or down a hill.

Further, in the first example of the configuration of the
viewing system, a read image having the same size as a BM
image is read from the image sensor in the reading control.
Thus, it is possible to reduce the possibility of reducing the
frame rate of the BM image, compared to when an image
larger in size than the BM image is read from the image
sensor 32.

Gyroscopic information as well as GPS information and
a 3D map have been described as examples of the vehicle
information in the first configuration example. However, as
in a second configuration example or a third configuration
example described later, suspension information, a front
camera image, or the like may be used as the vehicle
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information in the first configuration example. The inclina-
tion of the vehicle may be detected using the suspension
information, the front camera image, or the like.

Second Example of Configuration of Viewing
System

FIG. 9 is a block diagram illustrating the second example
of the configuration of the viewing system included in the
vehicle 10.

Note that, in the figure, a portion corresponding to that in
FIG. 3 is denoted by the same reference numeral as FIG. 3,
and a description thereof is omitted below.

In FIG. 9, the viewing system includes the camera unit 11,
the BM display section 21, and the RV display section 22.
Further, the camera unit 11 in FIG. 9 includes the optical
system 31, the image sensor 32, the output section 33, the
acquisition section 41, the detector 42, a controller 71, and
a processing section 72.

Thus, the second example of the configuration of the
viewing system of FIG. 9 is similar to the configuration of
the viewing system of FIG. 3 in including the camera unit
11, the BM display section 21, and the RV display section
22.

However, the second example of the configuration of the
viewing system of FIG. 9 is different from the configuration
of the viewing system of FIG. 3 in that the camera unit 11
includes the controller 71 instead of the controller 43, and
newly includes the processing section 72.

As in the case of the controller 43, the controller 71
controls reading of a read image from the image sensor 32
according to inclination information supplied by the detector
42.

However, according to the inclination information sup-
plied by the detector 42, the controller 71 calculates a
reading-start position for and the reading size of a read
image from a captured image captured by the image sensor
32, and the controller 71 supplies a reading position speci-
fied by the reading-start position and the reading size to the
image sensor 32.

In other words, in the first example of the configuration of
the viewing system, the reading size is set to the size of a
BM image since the size of a read image is the same as the
size of the BM image. On the other hand, in the second
example of the configuration of the viewing system, the
reading size is calculated according to inclination informa-
tion.

Here, in the second example of the configuration of the
viewing system, the acquisition section 41 acquires, for
example, suspension information as vehicle information,
and supplies the acquired vehicle information to the detector
42.

In this case, the detector 42 detects the inclination to the
left and to the right, that is, in a roll direction using the
suspension information from the acquisition section 41, and
detects (calculates) inclination information that indicates
(the level of) the inclination. Then, the detector 42 supplies
the inclination information to the controller 71.

According to the inclination information from the detector
42, the controller 71 calculates a rotation angle used to rotate
the read image output by the image sensor 32, and supplies
the calculated rotation angle to the processing section 72.
The controller 71 supplies the rotation angle to the process-
ing section 72 as described above to control a rotation of a
read image that is performed by the processing section 72,
such that the read image is rotated by the rotation angle.
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The read image output by the image sensor 32 is supplied
to the processing section 72.

The processing section 72 rotates the read image accord-
ing to the rotation angle from the controller 71. Further, the
processing section 72 cuts an image having a size of a BM
image (hereinafter also referred to as a BM size) out of the
rotated read image, and supplies the obtained image to the
output section 33 as the BM image.

As described above, in the processing section 72, a read
image is rotated and an image having a BM size is cut out
of the rotated read image. Thus, it is necessary that the read
image be an image having a size in which an image having
a BM size can be cut out of the read image after rotation.

Thus, for example, the controller 71 calculates, as a
reading size and according to inclination information, a
smallest size of a read image such that an image having a
BM size can be cut out of the read image after rotation.

<Relationship Between State of Vehicle 10 and BM
Image>

FIG. 10 is a diagram describing a second example of a
relationship between a state of the vehicle 10 and a BM
image.

FIG. 10(A1) illustrates a state of the vehicle 10 when the
vehicle 10 is traveling on a flat road surface. Further, FIG.
10(A2) illustrates an example of a BM image obtained when
the vehicle 10 is traveling on the flat road surface.

FIG. 10(B1) illustrates a state of the vehicle 10 when the
vehicle 10 is on a road surface that has a difference in level
and of which the right side is higher than its left side in a
direction in which a front side of the vehicle 10 is oriented.
Further, FIG. 10(B2) illustrates an example of a BM image
obtained when the vehicle 10 is on the road surface that has
a difference in level and of which the right side is higher than
its left side in the direction in which the front side of the
vehicle 10 is oriented.

FIG. 10(C1) illustrates a state of the vehicle 10 when the
vehicle 10 is on a road surface that has a difference in level
and of which the left side is higher than its right side in the
direction in which the front side of the vehicle 10 is oriented.
Further, FIG. 10(C2) illustrates an example of a BM image
obtained when the vehicle 10 is on the road surface that has
a difference in level and of which the left side is higher than
its right side in the direction in which the front side of the
vehicle 10 is oriented.

It is assumed that, in FIG. 10, the region R11 extracted
from a captured image as a BM image is not changed due to
a driver moving a position of his/her line of sight or his/her
head, as in the case of FIG. 5.

In this case, when the vehicle 10 is on a road surface that
has a difference in level and of which the right side is higher
than its left side in the direction in which the front side of the
vehicle 10 is oriented, the vehicle 10 is inclined to the left,
that is, in the roll direction, and the camera unit 11 installed
in the rear of the vehicle 10 is also inclined in the roll
direction.

Consequently, when the vehicle 10 is on a flat road
surface (FIG. 10(A)), a horizontal line that extends horizon-
tally appears in a BM image. When the vehicle 10 is on a
road surface that has a difference in level and of which the
right side is higher, a BM image in which the horizontal line
appears in a state of being inclined diagonally downward
right (diagonally upward left) is obtained (FIG. 10(B)). As
illustrated in FIG. 10, there is a change in ranges of the sky
and a road that appear in this BM image, compared to the
BM image obtained when the vehicle 10 is on a flat road
surface. In other words, in the BM image (FIG. 10(B))
obtained when the vehicle 10 is on a road surface that has a
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difference in level and of which the right side is higher, the
proportion of the road on the right is smaller and the
proportion of the sky on the right is larger, and the propor-
tion of the road on the left is larger and the proportion of the
sky on the left is smaller, compared to the BM image
obtained when the vehicle is on a flat road surface.

Thus, there is a change in content of the BM image
obtained when the vehicle 10 is on a road surface that has a
difference in level and of which the right side is higher,
compared to the BM image obtained when the vehicle 10 is
on a flat road surface.

On the other hand, when the vehicle 10 is on a road
surface that has a difference in level and of which the left
side is higher than its right side in the direction in which the
front side of the vehicle 10 is oriented, the vehicle 10 is
inclined to the right, that is, in the roll direction, and the
camera unit 11 installed in the rear of the vehicle 10 is also
inclined in the roll direction.

Consequently, when the vehicle 10 is on a road surface
that has a difference in level and of which the left side is
higher, a BM image in which the horizontal line appears in
a state of being inclined diagonally upward right (diagonally
downward left) is obtained (FIG. 10(C)). As illustrated in
FIG. 10, there is a change in ranges of the sky and a road that
appear in this BM image, compared to the BM image
obtained when the vehicle 10 is on a flat road surface. In
other words, in the BM image (FIG. 10(C)) obtained when
the vehicle 10 is on a road surface that has a difference in
level and of which the left side is higher, the proportion of
the road on the right is larger and the proportion of the sky
on the right is smaller, and the proportion of the road on the
left is smaller and the proportion of the sky on the left is
larger, compared to the BM image obtained when the vehicle
10 is on a flat road surface.

Thus, there is a change in content of the BM image
obtained when the vehicle 10 is on a road surface that has a
difference in level and of which the left side is higher,
compared to the BM image obtained when the vehicle 10 is
on a flat road surface.

As described above, from the point of view of providing
a driver of the vehicle 10 with a BM image suitable for the
operation of the vehicle 10, it is not favorable that there be
a change in BM image from a BM image obtained when the
vehicle 10 is on a flat road surface to a BM image obtained
when the vehicle 10 is on a road surface that has a difference
in level and of which the left side or the right side is higher.

Thus, in the control of reading of a BM image, the
controller 71 controls, according to inclination information
from the detector 42, reading of a BM image corresponding
to a read image from the image sensor 32, such that a BM
image having an amount of information similar to that of a
BM image obtained when the vehicle 10 is on a flat road
surface, is obtained regardless of a state of the vehicle 10.

<Control of Reading of Read Image That is Performed by
Controller 71 According to Inclination Information>0126

FIG. 11 is a diagram describing an example of a control
of reading of a read image that is performed by the controller
71 according to inclination information.

FIG. 11(A) on the left illustrates read regions on the image
sensor 32 with respect to respective cases. F1G. 11(B) on the
right illustrates a region cut out by the processing section 72.

As described with reference to FIG. 6, it is assumed that,
when the vehicle 10 is on a flat road surface, a reading
control is performed by the controller 71 such that (a pixel
signal of a pixel of) the rectangular region R101 having the
same size as a BM image is read from a captured image
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captured by the image sensor 32 (from the light-receiving
surface of the image sensor 32).

For example, when the vehicle 10 is on a road surface
having a difference in level and is inclined in the roll
direction, the controller 71 performs a reading control such
that a reading position used to specify a region R111 that is
larger in size than the region R101 by the number of pixels
corresponding to an angle of the inclination of the vehicle 10
in the roll direction, is calculated according to inclination
information, and a pixel signal of the calculated reading
position is read.

Here, as illustrated in FIG. 10, the horizontal line that
appears to extend horizontally in a BM image obtained when
the vehicle 10 is on a flat road surface, is inclined in a BM
image obtained when the vehicle 10 is inclined in the roll
direction.

Thus, a read image output by the image sensor 32
according to a reading control is rotated by the processing
section 72 such that the horizontal line appearing in the read
image extends horizontally, and (an image that corresponds
to) the BM image is cut out of the rotated read image.

For example, in the calculation of a reading position
depending on inclination information, a reading-start posi-
tion and a reading size that are a reading position used to
specify the region R111 being centered at the center (the
center of gravity) of the region R101 and having a smallest
size such that a BM image can be cut out of a read image
after rotation, are calculated by the controller 71, and the
calculated reading-start position and reading size are sup-
plied to the image sensor 32.

Further, for example, a rotation angle used to rotate the
region R111 corresponding to a read image output by the
image sensor 32 is calculated by the controller 71 according
to inclination information, such that the horizontal line
appearing in the region R111 corresponding to the read
image, appears to extend horizontally, and the calculated
rotation angle is supplied by the controller 71 to the pro-
cessing section 72.

The rectangular region R111 specified by the reading-start
position and the reading size that are the reading position
from the controller 71 is read by the image sensor 32 as a
read image, and is supplied by the image sensor 32 to the
processing section 72.

The region R111 that is the read image from the image
sensor 32 is rotated by the processing section 72 by the
rotation angle from the controller 71. Then, a region R113
that has the same size as the BM image and of which the
angle of rotation is O degrees, is cut out of a region R112 by
the processing section 72 as the BM image, the region R112
being obtained by rotating the region R111 (FIG. 11(B)).

With respect to a read image of FIG. 11(A), the vehicle 10
is inclined to the right, that is, in the roll direction, and thus
the horizontal line appearing in the read image is inclined
diagonally upward right. Thus, the region R111 that is the
read image is rotated clockwise by the processing section 72
such that the horizontal line inclined diagonally upward
right extends horizontally, and the region R113 that is a BM
image is cut out of the region R112 by the processing section
72, the region R112 being obtained by the rotation.

Accordingly, it is possible to easily obtain, as a BM
image, an image suitable for the operation of the vehicle 10.
In other words, it is possible to easily obtain a BM image
having an amount of information similar to that of a BM
image obtained when the vehicle 10 is on a flat road surface,
regardless of the inclination of the vehicle in the roll
direction.
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FIG. 12 is a diagram further describing an example of the
control of reading of a read image that is performed by the
controller 71 according to inclination information.

FIG. 12(A) is a diagram describing the fact that the
reading size of a read image obtained when the vehicle 10
is inclined in the roll direction is larger than the size of a BM
image. FIG. 12(B) is a diagram describing a rotation per-
formed by the processing section 72. FIG. 12(C) is a
diagram describing a cutout of the BM image that is per-
formed by the processing section 72.

In FIG. 12(A), the vehicle 10 is inclined to the right, that
is, in the roll direction, and thus the horizontal line appearing
in the read image is inclined diagonally upward right.

In the second example of the configuration of the viewing
system, the detector 42 detects, from suspension information
that is vehicle information and is supplied by the acquisition
section 41, that the vehicle 10 is inclined in the roll direction,
and detects (calculates) inclination information that indi-
cates the inclination of the vehicle 10, that is, inclination
information that primarily indicates (the level of) the incli-
nations of the vehicle 10 to the left and to the right, that is,
in the roll direction. Then, the detector 42 supplies the
inclination information to the controller 71.

According to the inclination information from the detector
42, the controller 71 calculates a reading-start position for
and the reading size of the region R111 represented by a
reading position for a read image read from the image sensor
32, and the controller 71 supplies the calculated reading-
start position and reading size to the image sensor 32. When
the vehicle 10 is inclined in the roll direction (when the
angle of inclination in the roll direction is other than O
degrees), the reading size is larger than the size of the region
R101 having the same size as the BM image.

Further, according to the inclination information from the
detector 42, the controller 71 calculates a rotation angle used
to rotate the region R111 that is the read image, and supplies
the calculated rotation angle to the processing section 72.

The image sensor 32 reads, as a read image, the region
R111 represented by the reading position (the reading-start
position and the reading size) from the controller 71, and
outputs the read image.

The region R111 that is the read image output by the
image sensor 32 is supplied to the processing section 72.

The region R111 is rotated by the processing section 72 by
the rotation angle from the controller 71, and this results in
generating the region R112 in which the horizontal line
appears to extend horizontally (FIG. 12(B)). Further, the
region R113 having the same size as the region R101 is cut
out of the region R112 by the processing section 72 as a BM
image (FIG. 12(B) and FIG. 12(C)).
<Display Processing>

FIG. 13 is a flowchart describing an example of display
processing of displaying a BM image that is performed in
the second example of the configuration of the viewing
system of FIG. 9.

In Step S21, the acquisition section 41 acquires suspen-
sion information as vehicle information, and supplies the
vehicle information to the detector 42. Then, the process
moves on to Step S22.

In Step S22, the detector 42 detects the inclination of the
vehicle 10 in the roll direction using the vehicle information
from the acquisition section 41. Further, the detector 42
detects (calculates), using the vehicle information from the
acquisition section 41, inclination information regarding the
vehicle 10 when the vehicle 10 is inclined in the roll
direction (primarily, inclination information indicating the
inclinations to the left and to the right, that is, in the roll
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direction), and supplies the detected inclination information
to the controller 71. Then, the process moves on to Step S23
from Step S22.

In Step S23, the controller 71 calculates, according to the
inclination information from the detector 42, a reading-start
position for and the reading size of a read image from the
image sensor 32, and supplies the reading-start position and
the reading size to the image sensor 32 as a reading position.
Further, the controller 71 calculates, according to the incli-
nation information from the detector 42, a rotation angle
used to rotate the read image, and supplies the calculated
rotation angle to the processing section 72. Then, the process
moves on to Step S24 from Step S23.

In Step S24, the image sensor 32 reads a pixel signal of
a pixel of the reading position supplied by the controller 71,
and acquires a read image that exhibits a pixel value
corresponding to the pixel signal to output the acquired read
image. The read image output by the image sensor 32 is
supplied to the processing section 72, and the process moves
on to Step S25 from Step S24.

In Step S25, the processing section 72 rotates the read
image from the image sensor 32 by the rotation angle from
the controller 71. Further, the processing section 72 cuts a
BM image out of the rotated read image, and supplies the
BM image to the output section 33. Then, the process moves
on to Step S26 from Step S25.

In Step S26, the output section 33 transmits, to the BM
display section 21, the BM image from the processing
section 72, and causes the BM image to be displayed on the
BM display section 21. This results in the BM image being
displayed on the BM display section 21, and the displaying
processing is terminated.

As described above, in the second example of the con-
figuration of the viewing system, inclination information is
detected that primarily indicates the inclinations to the left
and to the right, that is, in the roll direction, and reading of
a read image from the image sensor 32 is controlled accord-
ing to the inclination information. Further, in the second
example of the configuration of the viewing system, a
rotation of the read image is controlled according to the
inclination information, and a BM image is cut out of the
read image after the rotation. Thus, the second example of
the configuration of the viewing system makes it possible to
easily provide an image suitable for the operation of the
vehicle 10. In other words, a BM image having an amount
of information similar to that of a BM image obtained when
the vehicle 10 is on a flat road surface, can be easily
provided when the vehicle 10 is on a road surface having a
difference in level between the left side and the right side.

Further, in the second example of the configuration of the
viewing system, a read image having a smallest size such
that a BM image can be cut out of the read image after
rotation, is read from the image sensor 32 in the reading
control. This makes it possible to reduce the possibility of
reducing the frame rate of the BM image.

The suspension information has been described as an
example of the vehicle information in the second configu-
ration example. However, the gyroscopic information; the
GPS information and the 3D map; the front camera image;
or the like may be used as the vehicle information, as in the
first configuration example described above, or in the third
configuration example described later. Then, the inclination
of the vehicle may be detected using the gyroscopic infor-
mation; the GPS information and the 3D map; the front
camera image; or the like.
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Third Example of Configuration of Viewing System

FIG. 14 is a block diagram illustrating the third example
of the configuration of the viewing system included in the
vehicle 10.

Note that, in the figure, a portion corresponding to that in
FIG. 3 or 9 is denoted by the same reference numeral as FIG.
3 or 9, and a description thereof is omitted below.

In FIG. 14, the viewing system includes the camera unit
11, the BM display section 21, and the RV display section
22. Further, the camera unit 11 in FIG. 14 includes the
optical system 31, the image sensor 32, the output section
33, the acquisition section 41, the detector 42, the controller
71, and the processing section 72.

Thus, the third example of the configuration of the view-
ing system of FIG. 14 is similar to the second example of the
configuration of the viewing system of FIG.

However, in the third example of the configuration of the
viewing system of FIG. 14, the acquisition section 41
acquires, for example, suspension information or a front
camera image as vehicle information, and supplies the
acquired vehicle information to the detector 42.

In this case, the detector 42 detects a state of the uneven-
ness of a road surface using the suspension information or
the front camera image from the acquisition section 41.
Further, the detector 42 detects the inclinations of the vehicle
10 to the front and to the back, that is, in the pitch direction
as well as the inclinations of the vehicle 10 to the left and to
the right, that is, in the roll direction due to the unevenness
of the road surface, and detects (calculates) inclination
information that indicates (the levels of) the inclinations.
Then, the detector 42 supplies the inclination information to
the controller 71.

Here, in the first example of the configuration of the
viewing system, reading of a read image from the image
sensor 32 is controlled according to the inclinations of the
vehicle 10 to the front and to the back, that is, in the pitch
direction. In the second example of the configuration of the
viewing system, reading of a read image from the image
sensor 32, and a rotation of the read image that is performed
by the processing section are controlled according to the
inclination of the vehicle 19 to the left and the right, that is,
in the roll direction.

On the other hand, in the third example of the configu-
ration of the viewing system, reading of a read image from
the image sensor 32, and a rotation of the read image that is
performed by the processing section 72 are controlled
according to the inclinations of the vehicle 10 to the front
and to the back, that is, in the pitch direction, and according
to the inclinations of the vehicle to the left and to the right,
that is, in the roll direction.

Thus, in the third example of the configuration of the
viewing system, a control obtained by combining the con-
trols of reading of a read image from the image sensor 32
that are respectively performed in the first and second
examples of the configuration of the viewing system, is
performed as a control of reading of a read image from the
image sensor 32. Further, in the third example of the
configuration of the viewing system, the same control as the
control of a rotation of a read image that is performed in the
second example of the configuration of the viewing system,
is performed as a control of a rotation of a read image that
is performed by the processing section 72.
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<Control of Reading of Read Image That is Performed by
Controller 71 According to Inclination Information>0161

FIG. 15 is a diagram describing an example of a control
of reading of a read image that is performed by the controller
71 according to inclination information.

FIG. 15(A) illustrates reading of a read image that is
larger in size than a BM image from the image sensor 32.
FIG. 15(B) illustrates a rotation of the read image and a
cutout that are performed by the processing section 72.

As described with reference to FIGS. 6 and 11, it is
assumed that, when the vehicle 10 is on a flat road surface,
a reading control is performed by the controller 71 such that
(a pixel signal of a pixel of) the rectangular region R101
having the same size as a BM image that is a read image, is
read from a captured image captured by the image sensor 32
(from the light-receiving surface of the image sensor 32).

For example, when the vehicle 10 is on an uneven road
surface and is inclined in the pitch direction and in the roll
direction, the controller 71 controls reading performed by
the image sensor 32 such that a reading position used to
specify a region R121 is calculated according to inclination
information and a pixel signal of the calculated reading
position is read, the region R121 being larger in size than the
region R111 by the number of pixels corresponding to an
angle of the inclination of the vehicle 10 in the roll direction,
the region R121 being upwardly or downwardly offset from
the region R111 by the number of pixels corresponding to an
angle of the inclination of the vehicle 10 in the pitch
direction.

Further, for example, a rotation angle used to rotate the
region R121 corresponding to a read image output by the
image sensor 32 is calculated by the controller 71 according
to inclination information, such that the horizontal line
appearing in the region R121 corresponding to the read
image, appears to extend horizontally, and the calculated
rotation angle is supplied by the controller 71 to the pro-
cessing section 72.

The rectangular region R121 is read by the image sensor
32 as a read image in accordance with the reading control
performed by the controller 71, and is supplied by the image
sensor 32 to the processing section 72.

The region R121 that is the read image from the image
sensor 32 is rotated by the processing section 72 by the
rotation angle from the controller 71. Then, a region R123
that has the same size as a BM image and of which the angle
of rotation is 0 degrees, is cut out of a region R122 by the
processing section 72 as the BM image, the region R122
being obtained by rotating the region R121.

In FIG. 15, the vehicle 10 is inclined to the back, that is,
in the pitch direction, and is inclined to the right, that is, in
the roll direction. Thus, the region R121 that is larger in size
than the region R101 and is upwardly offset from the region
R101 is read from the image sensor 32 as a read image.
Further, the vehicle 10 is inclined to the right, that is, in the
roll direction, and thus the horizontal line appearing in the
region R121 that is the read image is inclined diagonally
upward right. Thus, the region R121 that is the read image
is rotated clockwise by the processing section 72 such that
the horizontal line inclined diagonally upward right extends
horizontally. Further, the region R123 that is a BM image is
cut out of the region R122 by the processing section 72, the
region R122 being obtained by rotating the region R121.

Accordingly, it is possible to easily obtain, as a BM
image, an image suitable for the operation of the vehicle 10.
In other words, it is possible to easily obtain a BM image
exhibiting image representation similar to that of a BM
image obtained when the vehicle 10 is on a flat road surface,
regardless of the inclination of the vehicle in the pitch
direction and the inclination of the vehicle 10 in the roll
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direction. This makes it possible to display an image in
which the horizontal line extends horizontally regardless of
the inclination of the vehicle Thus, there is no difference in
display image (no difference in a position of the horizontal
line) due to a temporary difference in inclination from a rear
vehicle. This enables a driver to grasp a state behind the
vehicle without worrying about a difference in display image
that is caused during driving (a difference in a position of the
horizontal line).

Note that, in the third example of the configuration of the
viewing system, the detector 42 can detect the inclinations
of the vehicle 10 in the pitch direction and in the roll
direction from, for example, suspension information.

Further, the detector 42 can recognize the unevenness of
a road surface ahead of the vehicle 10 from, for example, a
front camera image, and, according to a result of recognizing
the unevenness, the detector 42 can estimate to detect the
inclinations of the vehicle 10 in the pitch direction and in the
roll direction when the vehicle 10 travels on the road surface
having the recognized unevenness.
<Display Processing>

FIG. 16 is a flowchart describing an example of display
processing of displaying a BM image that is performed in
the third example of the configuration of the viewing system
of FIG. 14.

In Step S31, the acquisition section 41 acquires suspen-
sion information or a front camera image as vehicle infor-
mation, and supplies the vehicle information to the detector
42. Then, the process moves on to Step S32.

In Step S32, the detector 42 detects, using the vehicle
information from the acquisition section 41, a state of the
unevenness of a road surface on which the vehicle 10 is
situated. Further, the detector 42 detects (calculates), using
the vehicle information from the acquisition section 41,
inclination information that indicates the inclination of the
vehicle 10 due to the unevenness of a road surface (the
inclinations to the front and to the back, that is, in the pitch
direction, and the inclinations to the left and to the right, that
is, in the roll direction), and supplies the detected inclination
information to the controller 71. Then, the process moves on
to Step S33 from Step S32.

In Step S33, the controller 71 calculates, according to the
inclination information from the detector 42, a reading-start
position for and the reading size of a read image from the
image sensor 32, and supplies the reading-start position and
the reading size to the image sensor 32 as a reading position.
Further, the controller 71 calculates, according to the incli-
nation information from the detector 42, a rotation angle
used to rotate the read image, and supplies the calculated
rotation angle to the processing section 72. Then, the process
moves on to Step S34 from Step S33.

In Step S34, the image sensor 32 reads a pixel signal of
a pixel of the reading position supplied by the controller 71,
and acquires a read image that exhibits a pixel value
corresponding to the pixel signal to output the acquired read
image. The read image output by the image sensor 32 is
supplied to the processing section 72, and the process moves
on to Step S35 from Step S34.

In Step S35, the processing section 72 rotates the read
image from the image sensor 32 by the rotation angle from
the controller 71. Further, the processing section 72 cuts a
BM image out of the rotated read image, and supplies the
BM image to the output section 33. Then, the process moves
on to Step S36 from Step S35.

In Step S36, the output section 33 transmits, to the BM
display section 21, the BM image from the processing
section 72, and causes the BM image to be displayed on the
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BM display section 21. This results in the BM image being
displayed on the BM display section 21, and the displaying
processing is terminated.

As described above, in the third example of the configu-
ration of the viewing system, inclination information is
detected that indicates the inclinations to the front and to the
back, that is, in the pitch direction as well as the inclinations
to the left and to the right, that is, in the roll direction, and
reading of a read image from the image sensor 32 is
controlled according to the inclination information. Further,
in the third example of the configuration of the viewing
system, a rotation of the read image is controlled according
to the inclination information, and a BM image is cut out of
the read image after the rotation. Thus, the third example of
the configuration of the viewing system makes it possible to
easily provide an image suitable for the operation of the
vehicle 10. In other words, a BM image having an amount
of information similar to that of a BM image obtained when
the vehicle 10 is on a flat road surface, can be easily
provided when the vehicle 10 is on an uneven road surface.

Further, in the third example of the configuration of the
viewing system, a read image having a smallest size such
that a BM image can be cut out of the read image after
rotation, is read from the image sensor 32 in the reading
control, as in the second example of the configuration of the
viewing system. This makes it possible to reduce the pos-
sibility of reducing the frame rate of the BM image.

The suspension information and the front camera image
have been described as examples of the vehicle information
in the third configuration example. However, the gyroscopic
information; the GPS information and the 3D map; or the
like may be used as the vehicle information, as in the first or
second configuration example described above. Then, the
inclination of the vehicle may be detected using the gyro-
scopic information; the GPS information and the 3D map; or
the like.

Note that the present technology is applicable not only to
the case in which the vehicle 10 is inclined according to a
state of a road surface on which the vehicle 10 is situated,
but also to the case in which the vehicle 10 is inclined
according to, for example, an object loaded on the vehicle 10
or a state of an occupant of the vehicle 10. In other words,
the present technology is applicable regardless of a cause for
the inclination of the vehicle 10.

Fourth Example of Configuration of Viewing
System

FIG. 17 is a block diagram illustrating a fourth example
of the configuration of the viewing system included in the
vehicle 10.

The viewing system includes the camera unit 11, the BM
display section 21, and the RV display section 22 described
with reference to FIGS. 1 and 2.

The camera unit 11 includes the optical system 31, the
image sensor 32, a data amount adjuster 133, an output
section 134, an acquisition section 135, and a controller

The optical system 31 includes optical components such
as a condenser and a diaphragm, and collects light entering
the optical system 31 onto the image sensor 32.

The image sensor 32 receives light from the optical
system 31 and performs photoelectric conversion to capture
a captured image. Then, in accordance with control per-
formed by the controller 136, the image sensor 32 extracts
a BM image and an RV image from the captured image to
output the extracted images. The BM image and the RV
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image that are output by the image sensor 32 are supplied to
the data amount adjuster 133.

In accordance with control performed by the controller
136, the data amount adjuster 133 adjusts data amounts of
the BM image and the RV image that are output by the image
sensor 32, and supplies, to the output section 134, the BM
image and the RV image of which the respective data
amounts have been adjusted.

The output section 134 is an output interface (IF) that
transmits, to the outside of the camera unit 11, the BM image
and the RV image from the data amount adjuster 133. The
output section 134 transmits the BM image to the BM
display section 21, and transmits the RV image to the RV
display section 22. The BM image from the output section
134 is displayed on the BM display section 21 in accordance
with the specification of the BM display section 21, and the
RV image from the output section 134 is displayed on the
RV display section 22 in accordance with the specification of
the RV display section 22. The output section 134 is capable
of performing a format conversion and other image process-
ing on the BM image and the RV image as necessary.

The acquisition section 135 acquires vehicle information
from the vehicle 10, and supplies the acquired vehicle
information to the controller 136.

Examples of the vehicle information acquired by the
acquisition section 135 include traveling information, the
specifications of the BM display section 21 and the RV
display section 22, positions of the line of sight and the head
of a driver of the vehicle 10, and gyroscopic information.

The traveling information is information that indicates a
traveling state of the vehicle 10, and specifically indicates a
vehicle speed and a traveling direction (forward or back-
ward). For example, it is possible to acquire the vehicle
speed from output of a speed sensor when the vehicle 10
includes the speed sensor. For example, it is possible to
acquire the traveling direction from a state of the transmis-
sion.

For example, the specifications of the BM display section
21 and the RV display section 22 are the resolution of the
BM display section 21 and the resolution of the RV display
section 22, and can be acquired from the BM display section
21 and the RV display section 22.

The positions of the line of sight and the head of a driver
of'the vehicle 10 are obtained from an image captured by the
in-vehicle camera 23.

The gyroscopic information is information that indicates
a pose of the vehicle 10 (/ an angle of the inclination of the
vehicle). It is possible to obtain the gyroscopic information
from output of a gyroscope when the vehicle 10 includes the
gyroscope. The use of the gyroscopic information makes it
possible to recognize whether the vehicle 10 is on a hill.

The controller 136 controls the image sensor 32 and the
data amount adjuster 133 according to the vehicle informa-
tion supplied by the acquisition section 135.

In other words, for example, the controller performs a
reading control similar to the reading control performed by
the controller 43, according to the vehicle information.
Accordingly, the controller 136 performs an extraction con-
trol for controlling extraction of a BM image and an RV
image from a captured image captured by the image sensor
32. Examples of ranges of reading the BM image and the RV
image include the ranges illustrated in FIG. 4. Further,
according to the vehicle information, the controller 136
performs an adjustment control for controlling adjustment of
data amounts of the BM image and the RV image that is
performed by the data amount adjuster 133.
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Thus, it can be said that the image sensor extracts a BM
image and an RV image from a captured image according to
vehicle information, and the data amount adjuster 133
adjusts data amounts of the BM image and the RV image
according to the vehicle information.

<Image That Can be Output by Image Sensor 32>

FIG. 18 illustrates an example of an image that can be
output by the image sensor 32.

Here, a highest-resolution captured image that can be
output by the image sensor 32 is referred to as a highest-
resolution image. It is assumed that, for example, the image
sensor 32 has the ability to output a highest-resolution image
of a resolution (the number of pixels) Rmax at (a frame rate
of) 60 fps (frame per second) or more.

Here, it is assumed that a resolution RBM for a highest-
resolution BM image (a BM image of a largest number of
pixels) that is extracted from the highest-resolution image is
equal to or less than 2 of the resolution Rmax for the
highest-resolution image. It is also assumed that a resolution
RRV for a highest-resolution RV image that is extracted
from the highest-resolution image is equal to or less than the
resolution RBM for the BM image.

In the present embodiment, it is assumed that, for
example, a sum RBM+RRYV of the resolution RBM for a BM
image and the resolution RRV for an RV image is equal to
or less than %% of the resolution Rmax for the highest-
resolution image. In this case, the use of the image sensor
capable of outputting a highest-resolution image of the
resolution Rmax at 60 fps (or more) makes it possible to
output both the BM image of the resolution RBM and the RV
image of the resolution RRV at 120 fps, the BM image and
the RV image being obtained by partially reading the high-
resolution image.

Example of Vehicle Transmission Bandwidth That
Can be Used for Data Transmission in Vehicle 10

FIG. 19 is a diagram describing an example of a vehicle
transmission bandwidth that can be used for data transmis-
sion in the vehicle 10.

In other words, FIG. 19 illustrates examples of a BM
image and an RV image that can be output by the camera
unit 11 without data amounts being adjusted by the data
amount adjuster 133.

For example, the camera unit 11 can output, as a BM
image, a color image of the resolution RBM in a YUV 4:2:2
format in which the number of bits per pixel is eight (with
respect to each of the brightness and a difference in color).
Further, for example, the camera unit 11 can output, as an
RV image, a color image of the resolution RRV in the YUV
4:2:2 format in which the number of bits per pixel is eight.

The BM image of the resolution RBM in the YUV 4:2:2
format in which the number of bits per pixel is eight is
referred to as a highest-quality BM image, and the RV image
of the resolution RRV in the YUV 4:2:2 format in which the
number of bits per pixel is eight is referred to as a highest-
quality RV image.

In the present embodiment, it is assumed that the vehicle
transmission bandwidth, which is a bandwidth in which data
is transmitted from the camera unit 11, is a transmission
bandwidth in which, for example, two screens of a highest-
quality BM image at 60 fps can be transmitted (in real time).
In the present embodiment, the vehicle transmission band-
width in which two screens of a highest-quality BM image
at 60 fps can be transmitted, makes it possible to transmit,
for example, two screens of a highest-quality RV image at 60
fps, since RBM RRV. Further, the vehicle transmission
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bandwidth makes it possible to transmit, for example, two
screens in total that are a single screen of the highest-quality
BM image at fps, and a single screen of the highest-quality
RV image at 60 fps.

As described with reference to FIGS. 18 and 19, the
camera unit 11 is capable of outputting both a highest-
quality BM image and a highest-quality RV image at up to
120 fps.

However, in the present embodiment, the vehicle trans-
mission bandwidth only makes it possible to transmit two
screens of a highest-quality BM image (or RV image) at 60
ps.

The increase in vehicle transmission bandwidth makes it
possible to transmit both a highest-quality BM image and a
highest-quality RV image at 120 fps that can be output by the
camera unit 11. However, the increase in vehicle transmis-
sion bandwidth results in increasing the costs for the view-
ing system.

In the present technology, the camera unit appropriately
adjusts data amounts of a BM image and an RV image to
transmit the BM image and the RV image in the vehicle
transmission bandwidth, in order to suppress an increase in
the costs for the viewing system.

<Control of Adjustment of Data Amounts of BM Image
and RV Image When Two Screens of Highest-Quality BM
Image at 60 fps Can be Transmitted in Vehicle Transmission
Bandwidth>

FIG. 20 is a diagram describing a first example of a
control of adjustment of data amounts of a BM image and an
RV image, the control being performed by the controller
136.

A of FIG. 20 illustrates the adjustment control performed
when the vehicle 10 is traveling forward, or is traveling
backward at a high speed that is a speed equal to or greater
than a first threshold for speed.

In this case, the controller 136 performs an adjustment
control that is a control of the data amount adjuster 133, such
that a BM image of the resolution RBM at fps is output and
output of an RV image is restricted. In accordance with the
adjustment control performed by the controller 136, the data
amount adjuster 133 adjusts data amounts of a BM image
and an RV image from the image sensor to output the BM
image of the resolution RBM at 120 fps and to restrict output
of the RV image.

Thus, in this case, the BM image of the resolution RBM
at 120 fps is output from the camera unit 11, and the RV
image is not output from the camera unit 11. Consequently,
the BM image of the resolution RBM at 120 fps is displayed
on the BM display section 21, and the RV image is not
displayed on the RV display section 22.

As described above, when the vehicle 10 is traveling
forward, or is traveling backward at the high speed, a driver
can confirm a region situated further rearward than a region
just behind the rear of the vehicle 10, using a BM image of
the resolution RBM at 120 {ps, that is, a high-resolution BM
image at a high frame rate.

Note that, when the vehicle 10 is traveling forward, or is
traveling backward at the high speed, an RV image that
includes an image of the region just behind the rear of the
vehicle 10 is not displayed.

Further, a BM image of the resolution RBM at fps that is
output by the camera unit 11 can be transmitted in the
vehicle transmission bandwidth in which two screens of a
highest-quality BM image (of the resolution RBM) at 60 fps
can be transmitted.

Here, examples of a data amount adjusting method for
adjusting a data amount of an image that is performed by the
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data amount adjuster 133 include a method for reducing
resolution (the number of pixels), a method for reducing
gradation (the number of bits per pixel), a method for
reducing a frame rate, and a compression method using a
specified compression-encoding approach, in addition to the
method for restricting output of an image (not outputting an
image) as described above.

In addition to being performed by the data amount
adjuster 133, a restriction of output of an image, a reduction
in resolution, a reduction in gradation, and a reduction in
frame rate from among the data amount adjusting methods
can be performed by the image sensor 32 by the controller
136 performing control such as a control of extraction
performed by the image sensor 32.

In other words, the restriction of output of an image such
as a restriction of output of an RV image can be performed
by the controller 136 controlling reading of data from the
image sensor 32 and not reading a pixel signal correspond-
ing to the RV image from the pixel 51 (FIG. 7), such that
extraction of an RV image from a captured image is
restricted. When the vehicle 10 is traveling forward, or is
traveling backward at the high speed, the controller 136 can
control, according to vehicle information, extraction per-
formed by the image sensor 32 such that extraction of an RV
image from a captured image is restricted. Of course, output
of an RV image may be restricted by the data amount
adjuster 133, not by the image sensor 32.

The resolution of an image can be reduced by, for
example, the controller 136 controlling the image sensor 32
such that the number of pixels 51 from which a pixel signal
is read is reduced, or such that binning for adding pixel
signals of a plurality of pixels 51 is performed by perform-
ing, for example, a so-called source follower (SF) addition
or floating diffusion (FD) addition.

The gradation can be reduced by, for example, the con-
troller 136 controlling the image sensor 32 such that the
number of bits necessary for AD conversion performed by
the AD converter 55 (FIG. 7) is reduced.

The frame rate can be reduced by, for example, the
controller 136 controlling the image sensor 32 such that a
rate at which a pixel signal is read from the pixel 51, or a rate
at which AD conversion is performed by the AD converter
55 is reduced.

B of FIG. 20 illustrates the adjustment control performed
when the vehicle 10 is traveling backward at a medium
speed that is a speed that is less than the first threshold and
is equal to or greater than a second threshold less than the
first threshold.

In this case, the controller 136 performs an adjustment
control that is a control of the data amount adjuster 133 such
that a BM image of a resolution RBMM at fps is output and
an RV image of a resolution RRVM at fps is output, the
resolution RBMM being less than the resolution RBM, the
resolution RRVM being less than the resolution RRV. In
accordance with the adjustment control performed by the
controller 136, the data amount adjuster adjusts data
amounts of a BM image and an RV image from the image
sensor 32 to output the BM image of the resolution RBMM
at 120 fps and to output the RV image of the resolution
RRVM at 30 fps.

Thus, in this case, the BM image of the resolution RBMM
at 120 fps and the RV image of the resolution RRVM at 30
fps are output by the camera unit 11. Consequently, the BM
image of the resolution RBMM at 120 fps is displayed on the
BM display section 21, and the RV image of the resolution
RRVM at 30 fps is displayed on the RV display section 22.
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As described above, when the vehicle 10 is traveling
backward at the medium speed, a driver can confirm a region
situated further rearward than a region just behind the rear
of the vehicle 10, using a BM image of the resolution
RBMM at 120 fps, that is, a medium-resolution BM image
at the high frame rate. Further, the driver can confirm the
region just behind the rear of the vehicle 10, using an RV
image of the resolution RRVM at 30 fps, that is, a medium-
resolution RV image at a low frame rate.

Note that it is assumed that a transmission bandwidth
necessary to transmit an RV image of the resolution RRVM
at 30 fps is equal to or less than a transmission bandwidth for
a difference between a maximum transmission rate (here, a
transmission rate necessary to transmit a BM image of the
resolution RBM at 120 fps without compressing the BM
image) and a transmission rate (a first transmission rate)
necessary to transmit the resolution RBMM at 120 fps. In
this case, both a BM image of the resolution RBMM at 120
fps and an RV image of the resolution RRVM at 30 fps that
are output by the camera unit 11 can be transmitted in the
vehicle transmission bandwidth in which two screens of a
highest-quality BM image at 60 fps can be transmitted.

Here, when the transmission bandwidth necessary to
transmit an RV image of the resolution RRVM at fps is not
equal to or less than the transmission bandwidth for the
difference between the maximum transmission rate and the
first transmission rate, one of the BM image and the RV
image or both of them can be compressed (compression-
encoded) by the data amount adjuster 133 such that the
transmission bandwidth necessary to transmit the RV image
of the resolution RRVM at 30 fps is equal to or less than the
transmission bandwidth for the difference between the maxi-
mum transmission rate and the first transmission rate (such
that the RV image of the resolution RRVM can be transmit-
ted). For example, with respect to a BM image of the
resolution RRVM at 120 fps, a portion of or all of the BM
image is compressed (compression-encoded). This results in
being able to reduce a data amount of the BM image. With
respect to an RV image of the resolution RRVM at 30 fps,
the RV image is compression-encoded in a state of remain-
ing a color image, or is converted into a black-and-white
image to be compression-encoded. This results in being able
to reduce a data amount of the RV image.

C of FIG. 20 illustrates the adjustment control performed
when the vehicle 10 is traveling backward at a low speed
that is a speed that is less than the second threshold less than
the first threshold.

In this case, the controller 136 performs an adjustment
control that is a control of the data amount adjuster 133 such
that a BM image of the resolution RBM at fps is output and
an RV image of the resolution RRV at fps is output. In
accordance with the adjustment control performed by the
controller 136, the data amount adjuster adjusts data
amounts of a BM image and an RV image from the image
sensor 32 to output the BM image of the resolution RBM at
60 fps and to output the RV image of the resolution RRV at
60 fps.

Thus, in this case, the BM image of the resolution RBM
at 60 fps and the RV image of the resolution RRV at 60 fps
are output by the camera unit 11. Consequently, the BM
image of the resolution RBM at 60 fps is displayed on the
BM display section 21, and the RV image of the resolution
RRYV at 60 fps is displayed on the RV display section 22.

As described above, when the vehicle 10 is traveling
backward at the low speed, a driver can confirm a region
situated further rearward than a region just behind the rear
of the vehicle 10, using a BM image of the resolution RBM
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at 60 fps, that is, a high-resolution BM image at a medium
frame rate. Further, the driver can confirm the region just
behind the rear of the vehicle 10, using an RV image of the
resolution RRV at 60 fps, that is, a high-resolution RV image
at the medium frame rate.

The case in which the vehicle 10 is traveling backward at
the low speed is, for example, a case in which a driver is
about to park the vehicle 10, and it is important to confirm
a region just behind the rear of the vehicle 10 that is a blind
spot as viewed from the driver. Thus, when the vehicle 10 is
traveling backward at the low speed, an RV image is
displayed at a higher resolution and at a higher frame rate,
compared to when the vehicle 10 is traveling backward at
the high speed or the medium speed. This makes it possible
to easily confirm a region of a blind spot and to easily control
the vehicle according to a state of the blind spot.

Note that both a BM image of the resolution RBM at 60
fps and an RV image of the resolution RRV at 60 fps that are
output by the camera unit 11 can be transmitted in the
vehicle transmission bandwidth in which two screens of a
highest-quality BM image at 60 fps can be transmitted.

<Control of Adjustment of Data Amounts of BM Image
and RV Image When Single Screen of Highest-Quality BM
Image at 60 fps Can be Transmitted in Vehicle Transmission
Bandwidth>

FIG. 21 is a diagram describing a second example of the
control of adjustment of data amounts of a BM image and an
RV image, the control being performed by the controller
136.

Here, in the second example of the control of adjustment
of data amounts of a BM image and an RV image, it is
assumed that the vehicle transmission bandwidth is a trans-
mission bandwidth in which, for example, a single screen of
a highest-quality BM image (of the resolution RBM) at 60
fps (or more) can be transmitted.

A of FIG. 21 illustrates the adjustment control performed
when the vehicle 10 is traveling forward, or is traveling
backward at the high speed that is a speed equal to or greater
than the first threshold for speed.

In this case, the controller 136 performs an adjustment
control that is a control of the data amount adjuster 133, such
that a BM image of the resolution RBM at fps (or more) is
output and output of an RV image is restricted. In accor-
dance with the adjustment control performed by the con-
troller 136, the data amount adjuster adjusts data amounts of
a BM image and an RV image from the image sensor 32 to
output the BM image of the resolution RBM at 60 fps and
to restrict output of the RV image.

Thus, in this case, the BM image of the resolution RBM
at 60 fps is output from the camera unit 11, and the RV image
is not output from the camera unit 11. Consequently, the BM
image of the resolution RBM at 60 fps is displayed on the
BM display section 21, and the RV image is not displayed
on the RV display section 22.

As described above, when the vehicle 10 is traveling
forward, or is traveling backward at the high speed, a driver
can confirm a region situated further rearward than a region
just behind the rear of the vehicle 10, using a BM image of
the resolution RBM at 60 fps, that is, a high-resolution BM
image at the medium frame rate.

Note that, when the vehicle 10 is traveling forward, or is
traveling backward at the high speed, an RV image that
includes an image of the region just behind the rear of the
vehicle 10 is not displayed, as described with reference to A
of FIG. 20.

Further, a BM image of the resolution RBM at 60 fps that
is output by the camera unit 11 can be transmitted in the
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vehicle transmission bandwidth in which a single screen of
a highest-quality BM image (of the resolution RBM) at 60
fps can be transmitted.

B of FIG. 21 illustrates the adjustment control performed
when the vehicle 10 is traveling backward at the medium
speed that is a speed that is less than the first threshold and
is equal to or greater than the second threshold less than the
first threshold.

In this case, the controller 136 performs an adjustment
control that is a control of the data amount adjuster 133 such
that a BM image of the resolution RBMM at {ps is output
and an RV image of the resolution RRVM at {ps is output,
the resolution RBMM being less than the resolution RBM,
the resolution RRVM being less than the resolution RRV. In
accordance with the adjustment control performed by the
controller 136, the data amount adjuster adjusts data
amounts of a BM image and an RV image from the image
sensor 32 to output the BM image of the resolution RBMM
at 60 fps and to output the RV image of the resolution RRVM
at 30 fps.

Thus, in this case, the BM image of the resolution RBMM
at 60 fps and the RV image of the resolution RRVM at 30 fps
are output by the camera unit 11. Consequently, the BM
image of the resolution RBMM at 60 fps is displayed on the
BM display section 21, and the RV image of the resolution
RRVM at 30 fps is displayed on the RV display section 22.

As described above, when the vehicle 10 is traveling
backward at the medium speed, a driver can confirm a region
situated further rearward than a region just behind the rear
of the vehicle 10, using a BM image of the resolution
RBMM at 60 fps, that is, a medium-resolution BM image at
the medium frame rate. Further, the driver can confirm the
region just behind the rear of the vehicle 10, using an RV
image of the resolution RRVM at 30 fps, that is, a medium-
resolution RV image at the low frame rate.

Note that, when a transmission bandwidth (hereinafter
also referred to as a necessary transmission bandwidth)
necessary to transmit both a BM image of the resolution
RBMM at 60 fps and an RV image of the resolution RRVM
at 30 fps that are output by the camera unit 11, is not within
the vehicle transmission bandwidth in which a single screen
of a highest-quality BM image at 60 fps can be transmitted,
the BM image may be compressed at a first compression rate
for medium speed, and the RV image may be compressed in
a state of remaining a color image at a second compression
rate for medium speed that provides a higher compression
than the first compression rate for medium speed, or the RV
image may be converted into a black-and-white image to be
compressed at the second compression rate for medium
speed, such that the necessary transmission bandwidth is
within the vehicle transmission bandwidth.

C of FIG. 21 illustrates the adjustment control performed
when the vehicle 10 is traveling backward at the low speed
that is a speed that is less than the second threshold less than
the first threshold.

In this case, the controller 136 performs an adjustment
control that is a control of the data amount adjuster 133 such
that a BM image of a resolution RBML at fps is output and
an RV image of the resolution RRVM at fps is output, the
resolution RBML being less than the resolution RBMM. In
accordance with the adjustment control performed by the
controller 136, the data amount adjuster adjusts data
amounts of a BM image and an RV image from the image
sensor 32 to output the BM image of the resolution RBML
at 60 fps and to output the RV image of the resolution RRVM
at 30 fps.
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Thus, in this case, the BM image of the resolution RBML
at 60 fps and the RV image of the resolution RRV at 30 fps
are output by the camera unit 11. Consequently, the BM
image of the resolution RBML at 60 fps is displayed on the
BM display section 21, and the RV image of the resolution
RRVM at 30 fps is displayed on the RV display section 22.

As described above, when the vehicle 10 is traveling
backward at the low speed, a driver can confirm a region
situated further rearward than a region just behind the rear
of'the vehicle 10, using a BM image of the resolution RBML
at 60 fps, that is, a low-resolution BM image at the medium
frame rate. Further, the driver can confirm the region just
behind the rear of the vehicle 10, using an RV image of the
resolution RRVM at 30 fps, that is, a medium-resolution RV
image at the low frame rate.

Note that, when the necessary transmission bandwidth
necessary to transmit both a BM image of the resolution
RBML at 60 fps and an RV image of the resolution RRVM
at 30 fps that are output by the camera unit 11, is not within
the vehicle transmission bandwidth in which a single screen
of a highest-quality BM image at 60 fps can be transmitted,
the BM image may be compressed at a first compression rate
for low speed, and the RV image may be compressed (in a
state of remaining a color image) at a second compression
rate for low speed that provides a higher compression than
the first compression rate for low speed, such that the
necessary transmission bandwidth is within the vehicle
transmission bandwidth.

Here, a rate that provides a higher compression than the
first compression rate for medium speed can be adopted as
the first compression rate for low speed. The same com-
pression rate can be adopted as the second compression rate
for medium speed and the second compression rate for low
speed. In this case, the following is the relationship among
the first and second compression rates for low speed, and the
first and second compression rates for medium speed: the
second compression rate for low speed=the second com-
pression rate for medium speed>the first compression rate
for low speed>the first compression rate for medium speed.
However, here, it is assumed that a compression rate exhib-
iting a larger value provides a higher compression. The
following is the relationship among data amounts respec-
tively obtained by performing compression at the first com-
pression rate for low speed, by performing compression at
the second compression rate for low speed, by performing
compression at the first compression rate for medium speed,
and by performing compression at the second compression
rate for medium speed: the data amount obtained by the
compression at the second compression rate for low
speed=the data amount obtained by the compression at the
second compression rate for medium speed<the data amount
obtained by the compression at the first compression rate for
low speed<the data amount obtained by the compression at
the first compression for medium speed.

The adjustment control for adjusting data amounts of a
BM image and an RV image according to the vehicle speed
and the traveling direction (forward or backward) of the
vehicle 10 has been described above. The adjustment control
method is not limited to the methods described with refer-
ence to FIGS. 20 and 21. In other words, the adjustment
control method may be set as appropriate according to, for
example, the vehicle transmission bandwidth, the ability of
the image sensor 32, and the specifications of the BM
display section 21 and the RV display section 22. The data
amounts are respectively related to the quality of a displayed
BM image and a displayed RV image. Thus, it can be said
that the quality of a BM image and the quality of an RV
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image are changed according to the vehicle speed and the
traveling direction (forward or backward) of the vehicle 10.

Further, in the adjustment control, the resolution of the
BM image and the resolution of the RV image can be
reduced by reducing the number of pixels included in the
BM image and the RV image, or by (irreversibly) compress-
ing the BM image and the RV image without changing the
number of pixels.

When the resolution of a BM image and the resolution of
an RV image are reduced by compressing the BM image and
the RV image, it is possible to adopt, as compression rates
at which the BM image and the RV image are compressed,
compression rates such that a BM image and an RV image
that are obtained by performing compression and decom-
pression and from which a portion of frequency components
such as a high frequency component has been lost, each have
a substantial resolution (a highest frequency component)
that is equivalent to the resolution (the number of pixels)
described with reference to FIG. 20 or 21.
<Display Processing>

FIG. 22 is a flowchart describing an example of display
processing of displaying a BM image and an RV image that
is performed in the viewing system of FIG. 17.

In Step S111, the image sensor 32 captures a captured
image, and the process moves on to Step S112.

In Step S112, the acquisition section 135 acquires vehicle
information from the vehicle 10, and supplies the vehicle
information to the controller 136. Then, the process moves
on to Step S113.

In Step S113, the controller 136 controls extraction per-
formed by the image sensor 32 according to the vehicle
information from the acquisition section 135. The image
sensor 32 extracts a BM image and an RV image from the
captured image in accordance with the extraction control
performed by the controller 136. Then, the image sensor 32
supplies the BM image and the RV image to the data amount
adjuster 133, and the process moves on to Step S114 from
Step S113.

In Step S114, the controller 136 controls adjustment
performed by the data amount adjuster 133 according to the
vehicle information from the acquisition section 135. The
data amount adjuster 133 adjusts data amounts of the BM
image and the RV image from the image sensor 32 in
accordance with the adjustment control performed by the
controller 136. Then, the data amount adjuster 133 supplies,
to the output section 134, the BM image and the RV image
of which the respective data amounts have been adjusted,
and the process moves on to Step S115 from Step S114.

In Step S115, the output section 134 outputs, to the
outside of the camera unit 11, the BM image and the RV
image that are supplied from the data amount adjuster and of
which the respective data amounts have been adjusted,
transmits the BM image to the BM display section 21, and
transmits the RV image to the RV display section 22. Then,
the process moves on to Step S116.

In Step S116, the BM display section 21 displays thereon
the BM image from the output section 134 in accordance
with the specification of the BM display section 21, and the
RV display section 22 displays thereon the RV image from
the output section 134 in accordance with the specification
of the RV display section 22.

Fifth Example of Configuration of Viewing System
FIG. 23 is a block diagram illustrating a fifth example of

the configuration of the viewing system included in the
vehicle 10.
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Note that, in the figure, a portion corresponding to that in
FIG. 17 is denoted by the same reference numeral as FIG.
17, and a description thereof is omitted below.

In FIG. 23, the viewing system includes the camera unit
11, the BM display section 21, the RV display section 22,
and an extraction section 182, and the camera unit 11
includes the optical system 31, the image sensor 32, the data
amount adjuster 133, the output section 134, the acquisition
section 135, and a controller 181.

Thus, the viewing system of FIG. 23 is similar to the
viewing system of FIG. 17 in including the camera unit 11,
the BM display section 21, and the RV display section 22,
and in that the camera unit 11 includes the components from
the optical system 31 to the acquisition section 135.

However, the viewing system of FIG. 23 is different from
the viewing system of FIG. 17 in newly including the
extraction section 182, and in that the camera unit 11
includes the controller 181 instead of the controller 136.

Note that the extraction section 182 may be provided
within the camera unit 11, although the extraction section
182 is provided outside of the camera unit 11 in FIG. 23.

Vehicle information is supplied by the acquisition section
135 to the controller 181. Examples of the vehicle informa-
tion include traveling information, the specifications of the
BM display section 21 and the RV display section 22, and
gyroscopic information. However, in this example, the
vehicle information supplied by the acquisition section 135
does not include positions of the line of sight and the head
of'a driver. Note that the positions of the line of sight and the
head of the driver of the vehicle 10 are input to the extraction
section 182 as a portion of the vehicle information.

As in the case of the controller 136, the controller 181
controls extraction performed by the image sensor 32 and
adjustment performed by the data amount adjuster 133,
according to the vehicle information supplied by the acqui-
sition section 135.

However, in the extraction control, the controller 181
causes a region larger in size than the region R11 to be
extracted as a BM image instead of controlling (the position
of) the region R11 extracted as the BM image, according to
one of the positions of the line of sight and the head of the
driver, or according to both of them.

Thus, the BM image output by the output section 134 in
FIG. 23 is larger in size than the BM image output by the
output section 134 in FIGS. 17 and 12.

In FIG. 23, the BM image larger in size than the region
R11 output by the output section 134 is supplied to the
extraction section 182.

The positions of the line of sight and the head of the driver
from among the vehicle information are supplied to the
extraction section 182, in addition to the BM image larger in
size than the region R11 being supplied by the output section
134 to the extraction section 182.

According to one of the positions of the line of sight and
the head of the driver, or according to both of them, the
extraction section 182 extracts, as a final BM image to be
displayed on the BM display section 21, a region that is a
portion of the BM image larger in size than the region R11
from the output section 134, that is, a region having the same
size as the region R11, and the extraction section 182
supplies the BM image to the BM display section 21.

<Control of Extraction of BM Image and RV Image from
Captured Image>

FIG. 24 is a diagram describing an example of a control
of extraction of a BM image and an RV image from a
captured image, the control being performed by the control-
ler 181.
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As in the case of FIG. 4, FIG. 24 illustrates an image
circle of the optical system 31 and a captured image captured
by the image sensor 32 (the light-receiving surface of the
image sensor 32).

In the extraction control, the controller controls reading of
data from the image sensor 32 such that the region R12 is
extracted as an RV image, as in the case of the controller
136.

Further, 0262 tin the extraction control, the controller 181
controls reading of data from the image sensor 32 such that
not the region R11 but a region R31 that is larger in size than
the region R11 is extracted from the captured image as a BM
image.

The region R31 is a region that includes a largest range
that a driver can see using an interior rearview mirror by
moving his/her line of sight or his’her head, if the interior
rearview mirror is installed in the vehicle 10. The region R11
is a variable region of which the position is changed accord-
ing to positions of the line of sight and the head of the driver,
whereas the region R31 is a fixed region.

A region that is situated at a position depending on one of
the positions of the line of sight and the head of the driver
or depending on both of them, and has the same size as the
region R11, is extracted by the extraction section 182 from
the region R31 described above as a final BM image to be
displayed on the BM display section 21. In other words, the
region R11 to be observed by the driver using an interior
rearview mirror if the interior rearview mirror is installed in
the vehicle 10, is extracted by the extraction section 182
from the region R31 as a BM image.
<Display Processing>

FIG. 25 is a flowchart describing an example of display
processing of displaying a BM image and an RV image that
is performed in the viewing system of FIG. 23.

In Step S121, the image sensor 32 captures a captured
image, and the process moves on to Step S122.

In Step S122, the acquisition section 135 acquires vehicle
information from the vehicle 10, and supplies the vehicle
information to the controller 136. Then, the process moves
on to Step S123.

In Step S123, the controller 136 controls extraction per-
formed by the image sensor 32. As described with reference
to FIG. 24, in accordance with the extraction control per-
formed by the controller 136, the image sensor 32 extracts,
from the captured image, the regions R31 and R12 as a BM
image and an RV image, respectively. Then, the image
sensor 32 supplies the BM image and the RV image to the
data amount adjuster 133, and the process moves on to Step
S124 from Step S123.

In Step S124, the controller 136 controls adjustment
performed by the data amount adjuster 133 according to the
vehicle information from the acquisition section 135. The
data amount adjuster 133 adjusts data amounts of the BM
image and the RV image from the image sensor 32 in
accordance with the adjustment control performed by the
controller 136. Then, the data amount adjuster 133 supplies,
to the output section 134, the BM image and the RV image
of which the respective data amounts have been adjusted,
and the process moves on to Step S125 from Step S124.

In Step S125, the output section 134 outputs, to the
outside of the camera unit 11, the BM image and the RV
image that are supplied from the data amount adjuster 133
and of which the respective data amounts have been
adjusted, and the process moves on to Step S126. Conse-
quently, in FIG. 23, the BM image is supplied to the
extraction section 182, and the RV image is transmitted to
the RV display section 22.
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In Step S126, the extraction section 182 acquires, from
the vehicle 10, positions of the line of sight and the head of
a driver that are included in the vehicle information, and the
process moves on to Step S127.

In Step S127, the extraction section 182 extracts, from the
BM image from the output section 134, a region that is
situated at a position depending on the positions of the line
of sight and the head of the driver and has the same size as
the region R11, the region being extracted as a final BM
image to be displayed on the BM display section 21. Then,
the extraction section 182 transmits the final BM image to
the BM display section 21, and the process moves on to Step
S128 from Step S127.

In Step S128, the BM display section 21 displays thereon
the BM image from the extraction section in accordance
with the specification of the BM display section 21, and the
RV display section 22 displays thereon the RV image from
the output section 134 in accordance with the specification
of the RV display section 22.

<Description of Computer to Which Present Technology
is Applied>

Next, the series of processes described above can be
performed using hardware or software. When the series of
processes is performed using software, a program included
in the software is installed on, for example, a general-
purpose computer.

FIG. 26 is a block diagram illustrating an example of a
configuration of an embodiment of a computer on which a
program used to perform the series of processes described
above is installed.

The program can be recorded in advance in a hard disk
905 or a read only memory (ROM) 903 that is a recording
medium included in the computer.

Alternatively, the program can be stored (recorded) in a
removable recording medium 911 driven by a drive 909.
Such a removable recording medium 911 can be provided as
so-called package software. Here, examples of the remov-
able recording medium 911 include a flexible disk, a com-
pact disc read-only memory (CD-ROM), a magneto-optical
(MO) disk, a digital versatile disc (DVD), a magnetic disk,
and a semiconductor memory.

Note that, in addition to being installed on the computer
from the removable recording medium 911 described above,
the program can be downloaded to the computer through a
communication network or a broadcast network to be
installed on the hard disk 905 included in the computer. In
other words, for example, the program can be wirelessly
transferred to the computer from a download site through a
satellite for digital satellite broadcasting, or can be trans-
ferred to the computer by wire through a network such as a
local area network (LAN) or the Internet.

The computer includes a central processing unit (CPU)
902, and an input/output interface 910 is connected to the
CPU 902 through a bus 901.

When a command is input by a user operating an input
section 907 through the input/output interface 910, the CPU
902 executes a program stored in the ROM 903 according to
the input command. Alternatively, the CPU 902 loads a
program stored in the hard disk 905 into a random access
memory (RAM) 904 and executes the program.

This results in the CPU 902 performing the processing
according to the flowcharts described above or the process-
ing performed on the basis of the configurations of the block
diagrams described above. Then, for example, as necessary,
the CPU 902 outputs a result of the processing using an
output section 906 or transmits the processing result using a
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communication section 908 through the input/output inter-
face 910, and the CPU 902 further records the processing
result in the hard disk 905.

Note that the input section 907 includes, for example, a
keyboard, a mouse, and a microphone. Further, the output
section 906 includes, for example, a liquid crystal display
(LCD) and a speaker.

Here, in the specification, the processes performed by a
computer in accordance with a program does not necessarily
have to be chronologically performed in the order of the
descriptions in the flowcharts. In other words, the processes
performed by a computer in accordance with a program
include processes performed in parallel or individually (for
example, parallel processing or processing performed using
an object).

Further, the program may be a program on which pro-
cessing is performed by a single computer (processor) or
may be a program on which distributed-processing is per-
formed by a plurality of computers. Furthermore, the pro-
gram may be transferred to a remote computer to be
executed by the remote computer.

Further, the system as used herein refers to a collection of
a plurality of components (such as apparatuses and modules
(parts)) and it does not matter whether all of the components
are in a single housing. Thus, a plurality of apparatuses
accommodated in separate housings and connected to one
another via a network, and a single apparatus in which a
plurality of modules is accommodated in a single housing
are both the system.

Note that the embodiment of the present technology is not
limited to the examples described above, and various modi-
fications may be made thereto without departing from the
scope of the present technology.

For example, the present technology may also have a
configuration of cloud computing in which a single function
is shared to be cooperatively processed by a plurality of
apparatuses via a network.

Further, the respective steps described using the flow-
charts described above may be shared to be performed by a
plurality of apparatuses, in addition to being performed by
a single apparatus.

Moreover, when a single step includes a plurality of
processes, the plurality of processes included in the single
step may be shared to be performed by a plurality of
apparatuses, in addition to being performed by a single
apparatus.

Note that the effects described herein are not limitative but
are merely illustrative, and other effects may be provided.

Note that the present technology may take the following
configurations.
<1> An image-capturing apparatus, including:

an image sensor that captures an image displayed on a

display section of a vehicle; and

a controller that controls reading of the image from the

image sensor on the basis of vehicle information
acquired by the vehicle.
<2> The image-capturing apparatus according to <1>, fur-
ther including
a detector that detects inclination information regarding
the vehicle using the vehicle information, in which
according to the inclination information, the controller
controls the reading of the image from the image
Sensor.
<3> The image-capturing apparatus according to <2>, in
which

the detector detects the inclination information indicating

forward and rearward inclinations of the vehicle.
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<4> The image-capturing apparatus according to <2>, in
which
the detector detects the inclination information indicating
leftward and rightward inclinations of the vehicle.
<5> The image-capturing apparatus according to <2>, in
which
the detector detects the inclination information indicating
forward and rearward inclinations of the vehicle and
leftward and rightward inclinations of the vehicle.
<6> The image-capturing apparatus according to any one of
<1> to <5>, in which
the controller controls a reading position, in the image
sensor, from which the image is read.
<7> The image-capturing apparatus according to <6>. In
which
the reading position is specified by a reading-start position
and a size of the image read from the image sensor, the
reading-start position being a position, in the image
sensor, at which the reading of the image from the
image sensor is started.
<8> The image-capturing apparatus according to any one of
<1> to <7>, in which
the controller controls the reading of the image from the
image sensor such that a proportion of a road surface
that appears in the image displayed on the display
section is kept in a specified proportion.
<9> The image-capturing apparatus according to any one of
<1> to <8>, further including
a processing section that rotates the image read from the
image sensor, and cuts an image to be displayed on the
display section out of the rotated image.
<10> The image-capturing apparatus according to <9>, in
which
the controller controls the rotation of the image.
<11> The image-capturing apparatus according to <10>, in
which
the controller
calculates a rotation angle used to rotate the image,
according to inclination information regarding the
vehicle, and
controls the rotation of the image such that the image
is rotated by the rotation angle.
<12> The image-capturing apparatus according to any one
of <1> to <11>, in which
the vehicle information is at least one of gyroscopic
information obtained from a gyroscope of the vehicle,
suspension information regarding a suspension of the
vehicle, a front camera image obtained from a front
camera used to capture an image of a region ahead of
the vehicle, or GPS information obtained from the
GPS.
<13> The image-capturing apparatus according to any one
of <1> to <12>, in which
the display section is a display section that is an alterna-
tive to a Class I mirror.
<14> A control method, including
controlling reading of an image from an image sensor that
captures the image, on the basis of vehicle information
acquired by a vehicle, the image being displayed on a
display section of the vehicle.
<15> A program that causes a computer to operate as a
controller that controls reading of an image from an image
sensor that captures the image, on the basis of vehicle
information acquired by a vehicle, the image being dis-
played on a display section of the vehicle.
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<16> The control method according to <14>, further includ-
ing
detecting inclination information regarding the vehicle
using the vehicle information, in which
the controlling the reading of the image from the image
sensor is performed according to the inclination infor-
mation.
<17> The program according to <15> further causing the
computer to operate as a detector that detects inclination
information regarding the vehicle using the vehicle infor-
mation, in which
the controlling the reading of the image from the image
sensor is performed according to the inclination infor-
mation.
<18> The image-capturing apparatus according to any one
of <1> to <13>, in which
the vehicle information includes at least one of speed
information regarding the vehicle or gear information
regarding the vehicle.
<19> The control method according to <14> or <16>, in
which
the vehicle information includes at least one of speed
information regarding the vehicle or gear information
regarding the vehicle.
<20> The program according to <15> or <17>, in which
the vehicle information includes at least one of speed
information regarding the vehicle or gear information
regarding the vehicle.

REFERENCE SIGNS LIST

10 vehicle

11 camera unit

21 BM display section
22 RV display section
23 in-vehicle camera
31 optical system

32 image sensor

33 output section

41 acquisition section
42 detector

43 controller

51 pixel array

52 input circuit

53 row selecting circuit
54 column selection circuit
55 AD converter

56 line buffer

57 output circuit

61 pixel

71 controller

72 processing section
133 data amount adjuster
134 output section

135 acquisition section
136 controller

181 controller

182 extraction section
901 bus

902 CPU

903 ROM

904 RAM

905 hard disk

906 output section

907 input section

908 communication section
909 drive

10

15

20

25

35

40

45

50

55

60

65

38

910 input/output interface

911 removable recording medium

The invention claimed is:

1. An image-capturing apparatus, comprising:

an image sensor that captures an image displayed on a
display section of a vehicle;

a controller that controls reading of the image from the
image sensor, wherein a reading-start position for read-
ing of image data from the sensor is set based on
vehicle information acquired by the vehicle; and

a detector that detects inclination information regarding
the vehicle using the vehicle information, the inclina-
tion information comprising an angle at which the
vehicle is determined to be inclined to the front or back;

wherein if the vehicle is determined to be inclined to the
front, the controller shifts a region of the image down-
ward according to the angle at which the vehicle is
determined to be inclined to the front, and if the vehicle
is determined to be inclined to the back, the controller
shifts the region of the image upward according to the
angle at which the vehicle is determined to be inclined
to the back, such that a proportion of a road to the sky
in the region of the image remains substantially the
same;

wherein the vehicle information includes gear informa-
tion regarding the vehicle,

wherein the image includes a range corresponding to a
back mirror image and a rearview image and

wherein the back mirror image is displayed on a first
display and the rearview image is displayed on a
second display that is other than the first display.

2. The image-capturing apparatus according to claim 1,

wherein

the detector detects the inclination information indicating
leftward and rightward inclinations of the vehicle.

3. The image-capturing apparatus according to claim 1,

wherein

the detector detects the inclination information indicating
forward and rearward inclinations of the vehicle and
leftward and rightward inclinations of the vehicle.

4. The image-capturing apparatus according to claim 1,

wherein

the controller controls a reading position, in the image
sensor, from which the image data is read.

5. The image-capturing apparatus according to claim 4,

wherein

the reading position is specified by the reading-start
position and a size of the image read from the image
sensor, the reading-start position being a position, in the
image sensor, at which the reading of the image from
the image sensor is started.

6. The image-capturing apparatus according to claim 1,

wherein

the controller controls the reading of the image data from
the image sensor such that a proportion of a road
surface that appears in the image displayed on the
display section is kept in a specified proportion.

7. The image-capturing apparatus according to claim 1,

further comprising

a processing section that rotates an image corresponding
to the image data read from the image sensor, and cuts
an image to be displayed on the display section out of
the rotated image.

8. The image-capturing apparatus according to claim 7,

wherein the controller controls the rotation of the image.

9. The image-capturing apparatus according to claim 8,

wherein the controller
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calculates a rotation angle used to rotate the image,
according to inclination information regarding the
vehicle, and

controls the rotation of the image such that the image is
rotated by the rotation angle.

10. The image-capturing apparatus according to claim 1,

wherein

the vehicle information is at least one of gyroscopic
information obtained from a gyroscope of the vehicle,
suspension information regarding a suspension of the
vehicle, a front camera image obtained from a front
camera used to capture an image of a region ahead of
the vehicle, or GPS information obtained from the
GPS.

11. The image-capturing apparatus according to claim 1,

wherein

the display section is a display section that is an alterna-
tive to a Class I mirror.

12. A control method, comprising

controlling reading of an image data from an image sensor
that captures the image, wherein a reading-start posi-
tion for reading of image data from the image sensor is
set based on vehicle information acquired by the
vehicle; and

detecting inclination information regarding the vehicle
using the vehicle information, the inclination informa-
tion comprising an angle at which the vehicle is deter-
mined to be inclined to the front or back;

wherein if the vehicle is determined to be inclined to the
front, the controller shifts a region of the image down-
ward according to the angle at which the vehicle is
determined to be inclined to the front, and if the vehicle
is determined to be inclined to the back, the controller
shifts the region of the image upward according to the
angle at which the vehicle is determined to be inclined
to the back, such that a proportion of a road to the sky
in the region of the image remains substantially the
same;

wherein the vehicle information includes gear informa-
tion regarding the vehicle,

wherein the image includes a range corresponding to a
back mirror image and a rearview image and
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wherein the back mirror image is displayed on a first
display and the rearview image is displayed on a
second display that is other than the first display.

13. A non-transitory computer readable storage medium
having computer readable instructions stored thereon that,
when executed by a computer, cause a computer to:

operate as a controller that controls reading of an image

data from an image sensor that captures the image,
wherein a reading-start position for reading of image
data from the image sensor is set based on vehicle
information acquired by the vehicle; and

operate as a detector that detects inclination information

regarding the vehicle using the vehicle information, the
inclination information comprising an angle at which
the vehicle is determined to be inclined to the front or
back;

wherein if the vehicle is determined to be inclined to the

front, the controller shifts a region of the image down-
ward according to the angle at which the vehicle is
determined to be inclined to the front, and if the vehicle
is determined to be inclined to the back, the controller
shifts the region of the image upward according to the
angle at which the vehicle is determined to be inclined
to the back, such that a proportion of a road to the sky
in the region of the image remains substantially the
same;

wherein the vehicle information includes gear informa-

tion regarding the vehicle,

wherein the image includes a range corresponding to a

back mirror image and a rearview image and
wherein the back mirror image is displayed on a first

display and the rearview image is displayed on a

second display that is other than the first display.

14. The image-capturing apparatus according to claim 1,
wherein the vehicle information further includes speed
information regarding the vehicle.

15. The control method according to claim 12, wherein
the vehicle information further includes speed information
regarding the vehicle.

16. The non-transitory computer readable storage medium
according to claim 13, wherein the vehicle information
further includes speed information regarding the vehicle.
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